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Characteristics of Butter Processed in Khartoum State  
By 
Saniya Saleem Jabir Ahmed 
ABSTRACT 
This investigation was carried out to study the characteristics of 
locally processed butter in Khartoum State and compare it with those 
imported from Egypt and New Zealand.  ƚŽƚĂůŽĨϯϬϬdairy farmers in 
Khartoum North, Khartoum and Omdurman were investigated for butter 
making using a questionnaire covering the socioeconomic aspects of the 
farmers. 
Microbiological characterisctics were determined in the butter 
manufactured by the farmers and butter manufactured in a dairy plant 
and the laboratory (Department of Dairy Production, Faculty of Animal 
Production) Ăƚϭ͕ϭϱ͕ϯϬ͕ϰϱ ĂŶĚϲϬ- day intervals for samples stored in 
the refrigerator (ϱ͘Ϭцϭ͘ϬΣ) and ϭ͕ϳ͕ϭϰ͕ϮϭĂŶĚϮϴ- day intervals for 
samples stored at room temperature ;ϮϱцϮ͘ϬΣͿ.  Physicochemical 
attributes (moisture, fat, SNF, pH, acidity, specific gravity, freezing point, 
melting point, iodine value, saponification number, fatty acid 
composition, cholesterol content) and sensory characteristics (flavour, 
texture, colour, overall acceptability) were determined in butter 
manufactured by the farmers, in the dairy plant and in the laboratory at 
ƚŚĞĞŶĚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚŽĨϲϬĚĂǇƐĨŽƌƐĂŵƉles stored in the 
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refrigerator, in addition to samples butter imported from Egypt and 
New Zealand as reference samples.  
Socioeconomic studies reveald that ŵŽƌĞƚŚĂŶϳϱйŽĨƚŚĞ
ŝŶǀĞƐƟŐĂƚĞĚĨĂƌŵĞƌƐǁĞƌĞƉƌĂĐƟĐŝŶŐĚĂŝƌǇĂƐĂũŽďĂŶĚϰϮ%-ϰϵйŽĨ
them were illiterate. The dominant species of animals was cattel ;ϴϯ%-
ϭϬϬйͿĂŶĚŵŽƐƚŽĨƚŚĞm were cows lactating. The total daily milk 
ƉƌŽĚƵĐƟŽŶƌĂŶŐĞĚďĞƚǁĞĞŶϱϰϳϵĂŶĚϮϮϳϬϬlitres for lactating cows in 
Khartoum and Omdurman regions, respectively. 
    Total viable bacteria, coliform bacteria, pseudomonas bacteria, 
proteolytic bacteria, lipolytic bacteria and yeasts and moulds counts 
increased during storage in ƚŚĞƌĞĨƌŝŐĞƌĂƚŽƌ;ϱ͘Ϭцϭ͘ϬΣͿĂŶĚƌŽŽŵ
;Ϯϱ͘ϬцϮ͘ϬΣͿ temperatures.  The physicochemical properties showed 
that the moisture content, acidity and specific gravity were high in 
samples from Khartoum North, while fat content, pH, freezing and 
melting points and saponification value were high in samples from 
Egypt. The iodine value was high in samples from New Zealand and 
laboratory samples, and solids-non-fat content was high in samples from 
the dairy plant. 
The following fatty acids were detected in butter:   Cϲ͗Ϭ, Cϴ͗Ϭ, CϭϬ͗Ϭ, 
CϭϮ͗Ϭ, Cϭϰ͗Ϭ, Cϭϲ͗Ϭ, Cϭϲ͗ϭ, Cϭϴ͗Ϭ, Cϭϴ͗ϭ, Cϭϴ͗Ϯ, Cϭϴ͗ϯ, CϮϬ͗Ϭ. The cholesterol content 
ranŐĞĚĨƌŽŵϭϭϰ͘ϬϬŵŐͬϭϬϬŐŝŶƐĂŵƉůĞƐĨƌŽŵEĞǁĞĂůĂŶĚƚŽϮϲϲ͘ϳϬ 
ŵŐͬϭϬϬŐŝŶƐĂŵƉůĞƐĨƌŽŵŐǇƉƚ͘ 
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The flavor was best in samples from Khartoum North, texture was 
best in samples from the dairy plant, and the color was best in samples 
from the dairy plant and New Zealand.  In general, samples from 
Khartoum North, Egypt and New Zealand were organoleptically more 
acceptable than other samples. 
 
 
ƅƍűŧŤƃŒŗƒƙƍŕŴƈŮƆƃŒťŕŨƃŒŭőœŮŤ 
ťƆšŊŧŕœŞƅƒƄŪŗƒƈŪ 
 
ŭƄŤřŪƆƃŒ 
 
ÊŌƅŔůœŕŰŦřŬŔũŧƅŜţŗƅŔŔŨƍƐũŠŪƇƏųũŦƅŔřƔƛƏŗĻŕƔƆţƈŶƊŰƈƅŔŧŗƏƌśƊũŕƂƈ
ƉƈŧũƏśŬƈƅŔŧŗŪƅŕŗƋŧƊƆƔŪƏƔƊƏũŰƈŏřŬŔũŧƅŔŚžŧƎśŬϯϬϬŰŌƉƈƉŕŗƅƗŔŵũŔŪƈŖŕţ
ƑžƐũţŗƇƏųũŦƅŔƏƏƇƏųũŦƅŔŌũŗŷƉŕƈũŧƈŏƊŕŗśŬřƙŔƏřƔŧŕŰśƁƙŔřƔţŕƊƅŔřŬŔũŧƅřƔŷŕƈśŠ
ŵũŔŪƈƅŔŖŕţŰƗ  
ŚŬũŧřƔŠƏƅƏƔŗƏũƄƔƈƅŔůœŕŰŦƅŔžƏƉƔŷũŔŪƈƅŔřųŬŔƏŗŶƊŰƈƅŔŧŗŨƅŔƑŧŗŪƅŕŗ
ŶƊŰƈƑžŶƊŰƐŨƅŔƅƏƉŕŗƅƘŧŗŪƅŕŗ¿ƈŸƈƅŔƑžŶƊŰƐŨƅŔƉŕŗƅƗŔŞŕśƊŏƇŬƁŞŕśƊƙŔřƔƆƄ
ƑƊŔƏƔţƅŔŚŔũśžƑƆŷϭϭϱϯϬϰϱƏϲϬřŠũŧƑƆŷřŠƜŝƅŔƑžŚƊŪŦƑśƅŔŚŕƊƔŸƆƅƇƏƔ
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 xviii
ŘũŔũţϱuϭtƏƇϭϳϭϰϮϭƏϮϴřžũżƅŔŘũŔũţřŠũŧƑƆŷŚƊŪŦƑśƅŔŚŕƊƔŸƆƅƇƏƔ
ϮϱuϮtƇ  
ŚƔũŠŌƔſƅŔŚŔũŕŗśŦƙŔƏƔŪřƔœŕƔƈƔƄřƔƊƍŧƜƅŔřŗƆŰƅŔŧƈŔƏŠƅŔƉƍŧƅŔřŗƏųũƅŔƇƁũƅŔ
ƈŠśƅŔřųƂƊƑŷƏƊƅŔƉŪƏƅŔřŲƏƈţƅŔƑƊƔŠƏũŧƔƎƅŔƇƁũŧƏƔƅŔƇƁũƉŕŗƏŨƅŔřųƂƊŧ
řƔƊƍŧƅŔűŕƈţƗŔƉŗŰśƅŔ¿ƏũśŬƆƄƅŔřƔŬţƅŔŚŔũŕŗśŦƙŔƏƉƏƆƅŔūƈƆƈƅŔřƎƄƊƅŔ¿ƏŗƂƅŔ
ƇŕŸƅŔƉƔŷũŔŪƈƅŔřųŬŔƏŗŶƊŰƐŨƅŔŧŗŪƆƅƏƉŕŗƅƗŔ¿ƈŸƈ¿ƈŸƈƅŔƏƃƅŨƏŘũśžřƔŕƎƊƑž
ƉƔŪŦśƅŔϲϬƇƏƔŏřžŕŲƙŕŗřŠƜŝƅŔƑžŚŴſţƑśƅŔŚŕƊƔŸƆƅƑśƅŔŚŕƊƔŸƅŔƑƅƉƈŚŨŦŔ
ŧũƏśŬƈƅŔŧŗŪƅŔŪƏƔƊƏũŰƈƉƈƋŧƊƅŧƍŕŮ  
ŚũƎŴŌřƔŷŕƈśŠƙŔřƔŧŕŰśƁƙŔřŬŔũŧƅŔşœŕśƊŌƉƉƈũŝƄŌϳϱƇśƉƔŨƅŔƉƈ
ƉŌƏƌƊƎƈƄƌŷŔũŪƅŔƉƏŬũŕƈƔƇƎŗŔƏŠśŬŔϰϮϰϵƉƏƔƈŌƇƎƊƈƉŕƄŧœŕŬƅŔƉŔƏƔţƅŔŵƏƊ
ũƂŗƅŔϴϯϭϬϬƇŴŸƈƏŗƏƆţŚƊŕƄũŕƂŗƛŔĻŕšƏŔũśšƏŔũśƑƆƄƅŔƑƈƏƔƅŔƉŗƆƅŔŞŕśƊŏ
ƉƔŗϱϰϳϵƏũśƅϮϮϳϬϬũśƅƑƅŔƏśƅŔƑƆŷƉŕƈũŧƈŔƏƇƏųũŦƅŔřƂųƊƈŗŖƏƆţƅŔũŕƂŗƜƅ  
ŧŔŪřƔţƅŔŕƔũƔśƄŗƆƅƓƆƄƅŔŧŸƅŔƏƉƏƅƏƂƅŔŕƔũśƄŗƏūŕƊƏƈƏŧƏŬƅŔŕƔũƔśƄŗƏŕƔũƔśƄŗƅŔ
ƉƔśƏũŗƆƅřƆţƈƅŔƉƏƍŧƅŔƏũœŕƈŦƅŔƏƉſŸƅŔƏŉŕƊŝŌƔŪŦśƅŔŘũśžƉřŠũŧŚţśƏřŠƜŝƅŔƑž
řžũżƅŔŘũŔũţŌ¿ƔƆţśƅŔşœŕśƊŚũƎŴƑœŕƔƈƔƄƏƔŪƔſƅŔƌŗƏųũƅŔƐƏśţƈƉŌƏƉŪƏƅŔƏřŲƏƈţƅŔ
ƑŷƏƊƅŔŚƊŕƄƐũţŗƇƏųũŦƅŔŚŕƊƔŷƑžƑƆŷŌƉƏƍŧƅŔřŗŬƊŕƈƊƔŗƏƑƊƔŠƏũŧƔƎƅŔƇƁũƅŔ (pH)
ƏŚŕƊƔŸƅŔƑžƑƆŷŌŚƊŕƄƉŗŰśƅŔƇƁũƏƉŕŗƏŨƅŔřųƂƊƏŧƈŠśƅŔřųƂƊŘŧũƏśŬƈƅŔũŰƈƉƈ
ƉŕƄƏƅŔŚŕƊƔŷƑžƑƆŷŌŧƏƔƅŔƇƁũƅŔŧŗŪƈƉƈŘŧũƏśŬŧƊƆƔŪƏƔƊƋƏƓžŕƎŸƔƊŰśƇśƓśƅŔŚŕƊƔŸƅŔ
Ə¿ƈŸƈƅŔŚƊŕƄŚŕƊƔŷƑžƑƆŷŌřƔƊƍŧƜƅŔƌŗƆŰƅŔŧƈŔƏŠƅŔŶƊŰƈƅŔ  
ŧƔŧţśƇśřƔƊƍŧƅŔűŕƈţƗŔŧŗŪƅŔƓžřƔƅŕśƅŔ Cϲ͗Ϭ, Cϴ͗Ϭ, CϭϬ͗Ϭ, CϭϮ͗Ϭ, Cϭϰ͗Ϭ, Cϭϲ͗Ϭ, 
Cϭϲ͗ϭ, Cϭϴ͗Ϭ, Cϭϴ͗ϭ, Cϭϴ͗Ϯ, Cϭϴ͗ϯ, CϮϬ͗Ϭ ŚţƏŔũśƉƔŗ¿ƏũśŬƅƏƄƅŔřŗŬƊ ϭϭϰ͘ϬϬ
ƇŠƆƈϭϬϬƅŔŚŕƊƔŷƑžƇŠŧŗŪƏřƔŧƊƅƏƔŪƏƔƊƅŔ Ϯϲϲ͘ϳ ƇŠƆƈϭϬϬřƔũŰƈƅŔŚŕƊƔŸƅŔƑžƇŠ  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 xix
ŚƊŕƄŶƊŰƈƅŔŚŕƊƔŷƑžūƈƆƈƅŔƏƐũţŗƇƏųũŦƅŔŚŕƊƔŷƑž¿ŲžŌřƎƄƊƅŔƏƉƏƆƅŔ
ƋŧƊƆƔŪƏƔƊŚŕƊƔŷƏŶƊŰƈƅŔŚŕƊƔŷƑžĻŕƈƏƈŷŚƊŕƄƐũţŗƇƏųũŦƅŔŚŕƊƔŷƏũŰƈ
ƋŧƊƆƔŪƏƔƊƏŌũŝƄśĻƜŗƂƒũŦƗŔŚŕƊƔŸƅŔƉƈ  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
CHAPTER ONE 
INTRODUCTION 
ƵƩĞƌŝƐĂĐŽŶĐĞŶƚƌĂƚĞĚŵŝůŬĨĂƚƉƌŽĚƵĐƚŝŶŵŽĚĞƌŶƟŵĞƐĂƐϮϬϬϬ
;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞƐƚĂŶĚĂƌĚŽĨŝĚĞŶƟƚǇŽĨďƵƩĞƌƐƟƉƵůĂƚĞƐƚŚĂƚŝƚ
ŵƵƐƚĐŽŶƚĂŝŶĂƚůĞĂƐƚϴϬйŵŝůŬ fat having many unique properties; it 
ĐŽŶƚĂŝŶƐŵŽƌĞƚŚĂŶϰϬϬĨĂƩǇĂĐŝĚǀĂƌŝĞƟĞƐ͕ŽĨǁŚŝĐŚϲϲйĂƌĞƐĂƚƵƌĂƚĞĚ͕
ϯϬйĂƌĞŵŽŶŽƵŶƐĂƚƵƌĂƚĞĚ͕ĂŶĚϰйĂƌĞƉŽůǇƵŶƐĂƚƵƌĂƚĞĚ;h^͕ϭϵϴϵͿ͘
Stage of lactation, diet, dietary supplementation, season of the year and 
diseases have an impact on the fatty acid composition of milk fat. Color, 
nutritional, and rheological properties of the final product can also vary 
depending on the fatty acid composition (Hawke and Taylor, ϭϵϵϰ͖
EŝĐŬĞƌƐŽŶ͕ϭϵϵϱ; &Žǆ͕ϮϬϬϬͿ. The Food and Agriculture Organization 
(FAO) and World Health Organization (WHO) have normalized the water 
ĐŽŶƚĞŶƚŽĨƚŚĞďƵƩĞƌŽĨĂŵĂǆŝŵƵŵŽĨϭϲй;&ƵŶĂŚĂƐŚŝĂŶĚ,ŽƌŝƵĐŚŝ͕
ϮϬϬϴͿ͘ 
Butter is a traditional food which is widely consumed all over the 
world, directly or as ingredient in processed food such as pastries and 
convenience dishes. Its nutritional value, due to high content of fats, 
vitamins and minerals (LanyĞ͕ϭϵϵϬͿĂŶĚŝƚƐƵŶŝƋƵĞĂŶĚƉůĞĂƐĂŶƚŇĂǀŽƌ
make butter practically appreciated by consumers. The nature of this 
flavor has since long intrigued chemists and flavorists who studied the 
aroma compounds of butter extensively and tried to reproduce an 
artificial butter aroma (Winter et al͕͘ϭϵϲϯ͖hƌďĂĐŚet al͕͘ϭϵϳϮͿ͘sĂƌŝŽƵƐ
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review articles of butter aroma alsŽĂǀĂŝůĂďůĞ;&ŽƌƐƐ͕ϭϵϳϭ͗ĂĚŝŶŐƐĂŶĚ
EĞĞƚĞƌ͕ϭϵϴϬͿ͘ 
The most valued properties of butter are texture, size and shape 
as fat crystals. Interactions between crystallized fat and liquid oil, fatty 
acid composition and temperature treatment of cream during 
pƌŽĐĞƐƐŝŶŐŚĂǀĞĂŶĞīĞĐƚŽŶƚŚĞƚĞǆƚƵƌĞƉƌŽĮůĞŽĨďƵƩĞƌ;sŽŝƐĞǇ͕ϭϵϳϲ; 
&ĞĂƌŽŶĂŶĚ:ŽŚŶƐƚŽŶ͕ϭϵϴϴ). Butter is prized for its rich flavor; many of 
the compounds that play a role in characteristic flavor of butter have 
been identified though there is currently no chemical mixture that has 
been able to replicate the aroma of butter (Peterson and Reineccius, 
ϮϬϬϯĂͿ͘ŝĂĐĞƚǇů͕ůĂĐƚŽŶĞƐ͕ƐŚŽƌƚ-chain fatly acids, lipid-derived 
aldehydes, and dimethyl sulfide are known to contribute to butter 
flavor. Many instrumental techniques have been utilized to isolate 
compounds associated with butter ŇĂǀŽƌ;tĂŵƉůĞƌ͕ϮϬϬϮ; Peterson and 
ZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯď͖ WŽǀŽůŽĂŶĚŽŶƚƵƌŝŶŝ͕ϮϬϬϯ; ZĞŝĚ͕ϮϬϬϯ).  
Sensory analysis and USDA grading have been employed as a 
method to evaluate butter flavor. Previous studies have relied on 
grading, product specific scaling and vague terminology to compare 
products or evaluate quality of butter and margarine and spread 
products (Thompson et al͕͘ϮϬϬϰ; Young et al., ϮϬϬϰͿ͘ 
A variety of studies have been conducted on stability of butter in 
ǀĂƌŝŽƵƐǁƌĂƉƉŝŶŐŵĂƚĞƌŝĂůƐ;WŽŶƚ͕ϭϵϲϭ; ŽǁŶĞǇĂŶĚDƵƌƉŚǇ͕ϭϵϲϴ͖ 
MacBean, ϭϵϳϰ͖Tomlinson ĂŶĚŝŽǆŶ͕ϭϵϳϳ͖Emmons et al͕͘ϭϵϴϲͿ͘ 
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Recently Lozano et al ͘;ϮϬϬϳͿĚĞŵŽŶƐƚƌĂƚĞĚƚŚĂƚĨŽŝůƉĂĐŬĂŐŝŶŐ
significantly improved refrigerated and frozen flavor stability of butter 
quarters compared with parchment paper. 
In the world earlier attempts were made to investigate butter 
making, however in Sudan few studies have been conducted to evaluate 
butter quality (chemically and micrŽďŝŽůŽŐŝĐĂůǇͿ;DĂŬĂǁŝ͕ϭϵϵϮͿ and 
micro-ďŝŽůŽŐŝĐĂůǇ;ůŬŝĚŝƌ͕ϮϬϬϯͿ. 
The objective of this work is to provide information on the following 
aspects related to butter making: 
- Survey the butter making in urban and peri-urban areas of 
Khartoum State (Sudan) and this was carried out by collecting primary 
data from a questionnaire covered the areas of urban and prei-urban of 
Khartoum State for the following reasons: 
ϭ.  There are no previous studies on butter making in these areas 
Ϯ.   The importance of these areas as being located in the capital of 
Sudan, which form a potential market for dairy products 
ϯ͘  The existence of significant number of dairy farms. 
 
- Assessment of physicochemical, microbiological and sensory 
characteristics of the manufactured butter versus traditional 
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butter, compared with reference samples of butter in some 
characteristics. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Milk and dairy products as food  
Milk is a complex biological fluid, the composition and physical 
characteristics of which vary from species to species reflecting the 
dietary needs of young mammal. The major constituents of milk is 
water, but according to species milk contains varying quantities of lipids, 
protein and carbohydrates (which are synthesized within the mammary 
glands), smaller quantities and other-fat-solute and water soluble 
compounds derived directly from plasma, specific blood proteins and 
ŝŶƚĞƌŵĞĚŝĂƚĞƐŽĨŵĂŵŵĂƌǇŐůĂŶĚƐ;dĂďůĞϮ͘ϭͿ 
 dĂďůĞ;Ϯ͘ϭͿ͗ǀĞƌĂŐĞĐŽŵƉŽƐŝƟŽŶŽĨĐŽǁ͛ƐŵŝůŬ 
Component Percentage 
Percentage 
of solids 
Lactose  ϰ͘ϴ ϯϳ͘ϱ 
Fat ϯ͘ϳ Ϯϴ͘ϵ 
Protein  Ϭ͘ϭϵ ϭ͘ϱ 
Non protein nitrogen  Ϭ͘ϳ ϱ͘ϱ 
 Source: Vernam and Sutherland (ϭϵϵϰͿ 
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Milk is secreted by the mammary glands of mammals to feed their 
young and cow milk is a white fluid of low viscosity and slightly sweet 
ƚĂƐƚĞ;K͛ŽŶŶĂƌ͕ϭϵϵϱͿ͘ 
Milk can be considered as a heterogonous material composed of 
complex mixture of lipids, protein, carbohydrates and water. Milk lipid 
exists ĂƐŵŝůŬĨĂƚŐůŽďƵůĞƐǁŝƚŚĚŝĂŵĞƚĞƌŝŶƚŚĞƌĂŶŐĞŽĨϬ͘ϭ-ϭϬµm with 
an average dŝĂŵĞƚĞƌĂƌŽƵŶĚϰµm. The core of milk fat globules is 
mainly formed of triacylglycerides surrounded by phospholipids 
membrane derived from the cellular apical plasma membrane. Milk fat 
is very susceptible to compositional changes, and several studies have 
shown that the fatty acid composition of milk is directly affected by the 
diet of the cow (Renou et al͕͘ϮϬϬϰĂďͿ͘ 
The traditional objectives of milk processing are to ensure long 
shelf life, to produce satisfactory sensory properties and to eliminate 
pathogens. Processing strategies have been developed to separate milk 
components into discrete molecule classes (fat, protein, carbohydrates) 
to be used as ingredient in broader range of food applications (Goff and 
'ƌŝĸƚŚ͕ϮϬϬϲͿ͘ 
Butter differs from other dairy products in that it is a highly 
ĐŽŶĐĞŶƚƌĂƚĞĚĨĂƚĂŶĚĐŽŶƚĂŝŶƐϴϭ-ϴϰйŽĨŵŝůŬĨĂƚ͕ĂƐŵĂůĂŵŽƵŶƚŽĨƐĂůƚ͕
ĂŶĚůĞƐƐƚŚĂŶϭйƉƌŽƚĞŝŶ͕ĂŶĚŝƚŝƐĞǀŝĚĞŶƚ͕ƚŚĞƌĞĨŽƌĞ͕ƚŚĂƚďƵƩĞƌŝƐ
ĐŚŝĞŇǇĂƐŽƵƌĐĞŽĨĞŶĞƌŐǇƐƵƉƉůǇŝŶŐϯ͘ϰϭϬĐĂůŽƌŝĞƐƉĞƌƉŽƵŶĚ;ĐŬůĞƐet 
al., ϮϬϬϲͿ͘ 
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2.2 Milk fat  
&ƌĞƐŚďŽǀŝŶĞŵŝůŬŝƐĐŽŵƉŽƐĞĚŽĨϰйŵŝůŬĨĂƚ;tĂůƐƚƌĂet al., 
ϭϵϵϵͿ͘ƵƩĞƌ͕ŇƵŝĚŵŝůŬ͕ĂŶĚŽƚŚĞƌŵŝůŬĨĂƚƉƌŽĚƵĐƚƐĐŽŶƚĂŝŶǀĂƌǇŝŶŐ
ůĞǀĞůƐŽĨŵŝůŬĨĂƚ;ĂŝƌǇDĂŶĂŐĞŵĞŶƚ͕ϭϵϵϲͿ͘dŚĞďƵůŬŽĨŵŝůŬĨĂƚ
ĐŽŵƉŽƐŝƟŽŶ;ϵϴйͿŝƐƚƌŝŐůǇĐĞƌŝĚĞƐ;&ŽǆĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴ͖tĂůƐƚƌĂ
et al͕͘ϭϵϵϵ͖&ŽǆϮϬϬϬͿ͘dŚĞƌĞŵĂŝŶŝŶŐƉŽƌƟŽŶŝƐĐŽŵƉŽƐĞĚŽĨƉŚŽƐƉŚŽ-
lipids, minor amount of diglycerides, mono-glycerides, cholesterol, 
cholesterol esters, minute amount of fat soluble vitamins (A, D, E, and K) 
and ŽƚŚĞƌůŝƉŝĚƐ;ZŝĞů͕ϭϵϴϱ͖ &ŽǆĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴĂŶĚ&Žǆ͕ϮϬϬϬͿ͘ 
It is well known that dietary fats have satiety value which aid 
reducers. They prevent hunger by delaying digestion and maintaining 
higher blood-sugar levels. Butter fat contributes to palatability of foods 
and is often better tolerated than other dietary fat. Dietary fats have 
nutritional value beyond contribution of energy, as it carries fat-soluble 
vitamins, by influencing absorption of certain nutrients, by aiding 
protein utilization and by virtue of association with animal protein in 
ŶĂƚƵƌĂůĨŽŽĚƐƚƵī;tŝůƐƚĞƌ͕ϭϵϱϳͿ͘DŝůŬĨĂƚǁŚŝĐŚŝƐϵϳ-ϵϴй
triacylglycerols is a source of energy and nutrients and an important 
food ingredient that provides desirable textural and flavor 
characteristics ;:ĞŶƐĞŶ͕ϮϬϬϮͿ͘ 
Milk fat, often called “butter fat”, is commercially the most 
important constituent of milk. It is also of great importance from the 
stand point of the food value of the milk. The agreeable flavor of rich 
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milk, and to a large extent of the other dairy products, is largely due to 
milk fat (Eckles et al͕͘ϮϬϬϲͿ͘ 
Ϯ͘Ϯ͘ϭDŝůŬĨĂƚƉƌŽƉĞƌƟĞƐ  
Physical properties of milk fat are a result of interaction between 
solid and liquid phases and largely dependent on temperature (Dairy 
DĂŶĂŐĞŵĞŶƚ͕ϭϵϵϲͿ͘dhese properties are important for formulation of 
ƉƌŽĚƵĐƚƐǁŚŝĐŚƵƟůŝǌĞĨĂƚĂƐĂŶŝŶŐƌĞĚŝĞŶƚ;EĞǀŝůĞĂŶĚ:ĞŶƐĞŶ͕ϭϵϵϱͿ͘ 
Milk fat is not a single chemical compound but a variable mixture 
of several different glycerides, each glyceride being a result of the union 
of glycerol and one or more organic acids contained in milk fat, called 
“fatty acids” (Eckles et al͕͘ϮϬϬϲͿ͘ 
Milk fat is generally regarded as being of a complex composition. 
Triacylglycerides are dominant and constitute about ϵϴйŽĨŵŝůŬĨĂƚ͕Ɛŵall 
amounts of di-and monoacylglyerides, cholesterol esters and cerebosides 
are also present (Table Ϯ͘Ϯ). Other ingredients are present only in very 
small quantities but may be of importance determining the organoleptic 
character and nutritional status of the milk. These are fat-soluble vitamins 
mainly A, D and E, together with small quantities of vitamin K, flavor 
components identified as aldehydes, ketones and lactones and carotenoid 
pigments (Alantt and Jane, ϭϵϵϰͿ͘ 
              dĂďůĞ;Ϯ͘ϮͿ͗ǀĞƌĂŐĞůŝpid composition of milk  
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Lipid 
Content by weight 
 (µ/w) 
Triacylglycerols ϵϳ-ϵϴ 
Diacylglycerols Ϭ͘ϯ-Ϭ͘ϲ 
Monoacylglycerols Ϭ͘ϬϮ-Ϭ͘Ϭϰ 
Free fatty acids  Ϭ͘ϭ– Ϭ͘ϰ 
Free sterols  Ϭ͘Ϯ– Ϭ͘ϰ 
Sterol esters  Traces only 
Phospholipids  Ϭ͘Ϯ– ϭ͘Ϭ 
Hydrocarbons  Traces only 
            Source: O'Connor (1995) 
Ϯ͘Ϯ͘Ϯ Milk fat globule membrane 
In raw milk, droplets of milk fat are surrounded by a membrane 
composed of protein and phospholipids referred to as milk fat globule 
ŵĞŵďƌĂŶĞ;D&'DͿ;<ĞĞŶĂŶĂŶĚWĂƩŽŶ͕ϭϵϵϱ͖ Corredig and Dalglash, 
ϭϵϴϴͿ͘dŚĞĐŽŵƉŽŶĞŶƚƐŽĨŵŝůŬĨĂƚŐůŽďƵůĞŵĞŵďƌĂŶĞare shown in 
ƚĂďůĞ;Ϯ͘ϯͿ͘ 
 
        dĂďůĞ;Ϯ͘ϯͿ͗ŽŵƉŽŶĞŶƚƐŽĨŵŝůŬĨĂƚŐůŽďƵůĞŵĞŵďƌĂŶĞ 
Component Percent of total 
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membrane (µ/w) 
Protein  ϰϭ 
Phospholipids Ϯϳ 
Crebrosides  ϯ 
Cholesterol  Ϯ 
Neutral glycerides  ϭϰ 
Water  ϭϯ 
         Ž^ƵƌĐĞ͗&Žǆ;ϭϵϴϴͿ 
 The milk fat globule membrane stabilizes the hydrophobic lipid in 
ƚŚĞĂƋƵĞŽƵƐĞŶǀŝƌŽŶŵĞŶƚŽĨŵŝůŬ͘ƉƉƌŽǆŝŵĂƚĞůǇϲϬйŽĨŵŝůŬƉŚŽƐƉŚŽ-
ůŝƉŝĚƐĂŶĚϴϱйŽĨŵŝůŬĐŚŽůĞƐƚĞƌŽůĂƌĞůŽĐĂƚed within the membrane, 
which also contains high concentration of milk enzymes such as alkaline 
ƉŚŽƐƉŚĂƚĂƐĞĂŶĚǆĂŶƚŚŝŶĞŽǆŝĚĂƐĞ;sĞƌŶĂŵĂŶĚ^ƵƚŚĞƌůĂŶĚ͕ϭϵϵϰͿ͘ 
The emulsion stability of milk or cream and the resistance of fat 
globules to aggregation are of great practical and theoretical 
significance. In some products or processes it is desirable to retain, as 
far as possible, the original fine dispersion of the fat while in other 
instances the aim is to aggregate the milk fat more or less completely. 
The first requirement applies to milk fat liquid consumption, to different 
cream products, to condensed or dried milks and the second to such 
processes as butter making, manufacture of clarified butter fat (“ghee”) 
determination of butter fat in milk and dairy ƉƌŽĚƵĐƚƐ;<ŝŶŐ͕ϭϵϱϱͿ͘ 
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By appropriate treatment the membrane may be removed, partly 
or totally, from the globule surface and globules then are able to 
ĂŐŐƌĞŐĂƚĞ;<ŝŶŐ͕ϭϵϱϱͿ͘ 
The precise structure of the milk fat globule membrane (MFGM ) is 
not clearly understood because of a large part of the structure being lost 
during and after the milk is secreted as well as during contact with air. It is 
important to note that the composition of the MFGM is more similar to 
that of cell membrane than that of milk fat or milk plasma. The MFGM 
ĐŽŶƚĂŝŶƐĂŚŝŐŚůĞǀĞůŽĨƉŚŽƐƉŚŽůŝƉŝĚƐ;ϱϬйͿŝŶĂĚĚŝƟŽŶƚŽĂŵŽƵŶƚŽĨ
triglycerides (Mcpherson and <ŝƚĐŚĞŶ͕ϭϵϴϯͿ͘/ŶĐŽŵƉĂƌŝƐŽŶƚŽŵŝůŬĨĂƚ
triglycerides, those in the MFGM contain more long chain fatty acids. The 
membrane also cŽŶƚĂŝŶƐŵĂŶǇƵŶƐĂƚƵƌĂƚĞĚĨĂƩǇĂĐŝĚƐĂŶĚĂƐŵĂŶǇĂƐϭϬ
major constituents and several minor components (Keenan and Patton, 
ϭϵϵϱ; Walstra et al͕͘ϭϵϵϵͿ;dĂďůĞ Ϯ͘ϰͿ͘ 
dĂďůĞ;Ϯ͘ϰͿ͗>ŝƉŝĚĐŽŵƉŽƐŝƟŽŶŽĨŵŝůŬĨĂƚŐůŽďƵůĞŵĞŵďƌĂŶĞ;D&'DͿ 
Component 
Percent of  total  
Membrane(w/w) 
Triacylglycerols  ϲϮ 
Diacylglycerols  ϵ 
Monoacylglycerols Trace 
Sterols  Ϭ͘Ϯ– Ϯ 
Sterol Esters  Ϭ͘ϭ– Ϭ͘ϯ 
Unesterified  Ϭ͘ϲ– ϲ 
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Hydrocarbons  ϭ͘Ϯ 
Phosphlipids Ϯϲ– ϯϭ 
       Source: Keenan et al., ;ϭϵϴϯ) 
Although MFGM only composĞƐϭйŽĨŵŝůŬƉƌŽƚĞŝŶƐ;DĐWŚĞƌƐŽŶ
ĂŶĚ<ŝƚĐŚĞŶ͕ϭϵϴϯ͖/ŶŶŽĐĞŶƚĞ et al͕͘ϭϵϵϳͿ͕ŝƚƐƉƌŽƚĞŝŶƐĂƌĞĞƐƐĞŶƟĂůĨŽƌ
ƚŚĞƐƚĂďŝůŝƚǇŽĨƚŚĞĨĂƚŐůŽďƵůĞƐ;<ĞĞŶĂŶĂŶĚWĂƩŽŶ͕ϭϵϵϱ͖&ŽǆĂŶĚ
DĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘ĞĐĂƵƐĞŽĨŝƚƐĐŽŵƉŽƐŝƟŽŶ͕ƚŚĞD&'DƉůĂǇƐĂŶ
important role in reducing the interfacial tension between the fat and 
the aqueous phase of milk to prevent coalescence. Therefore, it acts as 
an emulsifier which enables the fat globules to maintain membrane 
shape while remaining suspended in the aqueous phase of the milk 
;DĐWŚĞƌƐŽŶĂŶĚ<ŝƚĐŚĞŶ͕ϭϵϴϯ͖ ŽƌƌĞĚŝŐĂŶĚĂůŐůĞŝƐŚ͕ϭϵϴϴ͖/ŶŶŽĐĞŶƚĞ
et al͕͘ϭϵϵϳ͖&ŽǆĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘dŚĞŵĞŵďƌĂŶĞĂůƐŽĨƵůĮůƐ
another important function; it guards the inner fat droplet against 
lipolysis by native milk lipoprotein lipase (Fox ĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘
Even if there is a slight damage to the membrane, the droplet can 
remain intact, but if this damage occurs, lipoprotein lipase may 
hydrolyze the milk fat resulting in the release of free fatty acids which 
cause rancid off-flavors and ŽĚŽƌƐ;DƵŝƌ͕ϭϵϵϴͿ͘/ŶƚŚĞƉƌŽĐĞƐƐŽĨďƵƩĞƌ-
making, which is an intentional destabilization of the fat globule, the 
result is the coalescence of the fat into a solid mass, and the majority of 
the MFGM present being flushed away with the buttermilk (Corredig 
ĂŶĚĂůŐůĞŝƐŚ͕ϭϵϴϴͿ͘ 
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Due to its ability to keep milkfat suspended in the aqueous phase of 
milk (contains both hydrophilic and hydrophobic parts), MFGM has been 
isolated and used to stabilize emulsions ;ZŝĞů͕ϭϵϴϱ; Kanno, ϭϵϴϵͿ͘dŚĞ
MFGM can be used in some foods as an emulsifying agent (Innocente et 
al͕͘ϭϵϵϳͿ͘/ŶĂĚĚŝƟŽŶ͕ƚŚĞƉŚŽƐƉŚŽůŝƉŝĚƐŝŶƚŚĞŵĞŵďƌĂŶĞĂƐtouted as 
having health benefit, and the butter milk resulting from butter 
manufacture is an excellent source of this beneficial fat ;ZŝĞů͕ϭϵϴϱ; 
Corredig et al., ϮϬϬϯ). In recent work using gas chromatography coupled 
with a mass spectrometry approach, many minor bioactive sterols were 
detected in the MFGM,       e.g. lonosterol, lathosterol, desmosterol, 
stigmasterol and B-sistosterol (Fauquant et al͕͘ϮϬϬϳͿ͘ 
 
 
Ϯ͘Ϯ͘ϯ&ĂƩǇĂĐŝĚĐŽŵƉŽƐŝƟŽŶ 
&ŝŐ͘;Ϯ͘ϭͿ͗DŝůŬĨĂƚŐůŽďƵůĞŵĞŵďƌĂŶĞƐƚƌƵĐƚƵƌĞ 
;/ŶƐƉŝƌĞĚĨƌŽŵǀĞƌƐ͕ϮϬϬϰ͖DŝĐŚĂůƐŬŝet al͕͘ϮϬϬϱ͖<ĞĞŶĂŶet al, ϮϬϬϲ͖
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A wider variety of fatty acids can be obtained from milk fat than 
ĨƌŽŵĂŶǇŽƚŚĞƌƐŽƵƌĐĞ;ŚƌŝƐƟĞ͕ϭϵϵϰͿ͘DĂŶǇŽĨƚŚĞŵŽƌĞƚŚĂŶϰϬϬfatty 
acids in milk fat from cow’s milk exist only in minor amounts (Jensen 
ĂŶĚůĂƌŬ͕ϭϵϴϴ͖&ŽǆĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴ͖&Žǆ͕ϮϬϬϬ͖ŽƵŵĂ͕ϮϬϬϰͿ
;dĂďůĞϮ͘ϱͿ͘^ŝǆŵŝůŝŽŶƚƌŝŐůǇĐĞƌŝĚĞĐŽŵďŝŶĂƟŽŶƐĐĂŶďĞŵĂĚĞĨƌŽŵ
ƚŚĞƐĞϰϬϬĨĂƩǇĂĐŝĚƐ;:ŝŵĞŶĞǌ-&ůŽƌĞƐ͕ϭϵϵϳͿ͕ŽĨǁŚŝĐŚĂďŽƵƚϲϲйĂƌĞ
ƐĂƚƵƌĂƚĞĚ͕ϯϬйŵŽŶŽƵŶƐĂƚƵƌĂƚĞĚ͕ĂŶĚϰйƉŽůǇƵŶƐĂƚƵƌĂƚĞĚ;ĂĞƌ͕ϭϵϵϲͿ͘
Bovine milk contains greater variety of fatty acids than other mammary 
ƐƉĞĐŝĞƐ͘,ƵŵĂŶŵŝůŬ͕ŝŶĐŽŵƉĂƌŝƐŽŶ͕ĐŽŶƚĂŝŶƐϭϴϰĨĂƩǇĂĐŝĚƐ;&ŽǆĂŶĚ
DĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘ 
There are many things that can impact the variety of fatty acids 
and in turn change properties of the final product made from the milkfat 
;EŝĐŬĞƌƐŽŶ͕ϭϵϵϱ͖&Žǆ͕ϮϬϬϬͿ͘ ƚ^ĂŐĞŽĨůĂĐƚĂƟŽŶ͕ĚŝĞƚĂƌǇ
supplementation, season of the year and diseases have an impact on 
the fatty acid composition of the milkfat. The stability, color, nutritional, 
and rheological properties of the final product can vary depending on 
ƚŚĞĨĂƩǇĂĐŝĚĐŽŵƉŽƐŝƟŽŶ;,ĂǁŬĞĂŶĚdĂǇůŽƌ͕ϭϵϵϰ͖EŝĐŬĞƌƐŽŶ͕ϭϵϵϱ͖ 
&Žǆ͕ϮϬϬϬͿ͘ůƚŚŽƵŐŚŝƚǁŽƵůĚďĞĚĞƐŝƌĂďůĞĨŽƌĂĐŽŶƐŝƐƚĞŶƚƉƌŽĚƵĐƚ, yet 
it is virtually impossible to standardize the fatty acid composition of the 
ŵŝůŬĨĂƚďĞĐĂƵƐĞƐŽŵĂŶǇĨĂĐƚŽƌƐĂīĞĐƚŝƚƐŵĂŬĞƵƉ;&Žǆ͕ϮϬϬϬͿ͘ 
The main long-chain fatty acids in milkfat are Cϭϲ͗Ϭ (palmitic acid), 
Cϭϴ͗Ϭ (Stearic acid) and Cϭϴ͗ϭ ;ŽůĞŝĐĂĐŝĚͿ;,ĂƌĚŝŶŐ͕ϭϵϵϱ͖&Žǆ͕ϮϬϬϬͿ͘
Bovine Milkfat also contains moderate amounts of medium-chain fatty 
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acids, CϭϬ͗Ϭ (capric acid), CϭϮ͗Ϭ (lauric acid) and Cϭϰ͗Ϭ (myristic acid) (Riel, 
ϭϵϴϱͿ͘ZƵŵŝŶĂŶƚŵŝůŬĨĂƚŝƐƵŶŝƋƵĞŝŶƚŚĂƚŝƚĐŽŶƚĂŝŶƐƐŚŽƌƚ-chain fatty 
acids, butyric acid (Cϰ͗Ϭ) being the most prevalent of the short-chain fatty 
acids and often identified with butter due to its characteristic impact on 
ŇĂǀŽƌ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘/ŶĐŽŵƉĂƌŝƐŽŶƚŽƉůĂŶƚŽŝůƐ͕ŵŝůŬĨĂƚĐŽŶƚĂŝŶƐĂ
ůŽǁĂŵŽƵŶƚŽĨƉŽůǇƵŶƐĂƚƵƌĂƚĞĚĨĂƩǇĂĐŝĚƐ͚Wh&͕͛;&Žǆ͕ϮϬϬϬͿĂŶĚ
monounsaturated fatty acids ‘MUFAs’ (Smith et al͕͘ϭϵϳϴͿ͘ 
Oleic acid (Cϭϴ͗ϭ) is both the most prevalent monounsaturated 
fatty acid (MUFA) and the overall most prevalent fatty acid in milk fat, 
ĐŽŵƉƌŝƐŝŶŐϮϬ-ϯϬйŽĨƚŚĞƚŽƚĂůďǇǁĞŝŐŚƚ;'ŽīĂŶĚ,ŝů͕ϭϵϵϯ͖,ĂƌĚŝŶŐ͕
ϭϵϵϱ͖ &ĞĂƌŽŶ͕ϮϬϬϭͿ͘ƐŝĚĞŽĨŝŶĐƌĞĂƐĞĚŽǆŝĚĂƟǀĞƐƚĂďŝůŝƚǇ͕Dh&ƐŚĂƐ
potential health benefits-lowering low density lipoprotein (LDL), while 
ƵŶĐŚĂŶŐŝŶŐŚŝŐŚĚĞŶƐŝƚǇůŝƉŽƉƌŽƚĞŝŶ;,>ͿůĞǀĞůƐ;&ĞĂƌŽŶ͕ϮϬϬϭͿ͘ 
 
dĂďůĞ;Ϯ͘ϱͿ͗dŚĞŵŽƐƚƉƌĞǀĂůĞŶƚĨĂƩǇĂĐŝĚƐŝŶŵŝůk fat  
Fatty acids 
Average percent 
of total fatty 
acids  
Saturated fatty 
acids butyric 
Batyric acid ϰ͗Ϭ ϯ͘ϰ 
Capric  ϲ͗Ϭ ϭ͘ϯ 
Caprylic  ϴ͗Ϭ ϭ͘Ϯ 
Capric  ϭϬ͗Ϭ Ϯ͘Ϯ 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
Lauric  ϭϮ͗Ϭ ϯ͘ϵ 
Myrisitic  ϭϰ͗Ϭ ϭϯ͘ϭ 
Palmitic  ϭϲ͗Ϭ Ϯϱ͘ϯ 
Stearic  ϭϴ͗Ϭ ϭϬ͘ϲ 
Arachidic  ϮϬ͗Ϭ ϭ͘ϯ 
Behenic ϮϮ͗Ϭ Trace  
Subtotal   ϲϮ͘ϯ 
Mono-
unsaturated 
fatty acids 
Caproleic  ϭϬ͗ϭ Ϭ͘Ϯ 
Lauroleic  ϭϮ͗ϭ Ϭ͘ϯ 
Myristoleic  ϭϰ͗ϭ ϭ͘ϯ 
Palmoileic  ϭϲ͗ϭ ϯ͘ϭ 
Oleic  ϭϴ͗ϭ Ϯϳ͘ϴ 
Caccenic, gadoleic 
acid  
ϭϴ͗ϭ Ϭ͘ϳ 
Subtotal  ϯϯ͘ϰ 
Polyunsaturated 
fatty acids 
Linoleic  ϭϴ͘Ϯ ϯ͘Ϯ 
Arachidonic  ϮϬ͗ϰ ϭ͘ϭ 
Subtotal  ϰ͘ϯ 
Total ϭϬϬ 
Ž^ƵƌĐĞ͗ZŝĞů;ϭϵϴϱͿ 
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Many studies have shown that a diet of unprotected (non-
encapsulated) lipids, including, but not limited to coconut oil, 
cottonseed oil, marine oil, oleic acid, safflower seed oil, soya bean oil, 
soya beans, and sunflower seeds, increases the amount of beneficial 
Dh&ƐĐŽŶƚĂŝŶĞĚŝŶŵŝůŬĨĂƚ;,ĂǁŬĞĂŶĚdĂǇůŽƌ͕ϭϵϵϰ͖ĂĞƌ͕ϭϵϵϲ͖
&ĞĂƌŽŶ͕ϮϬϬϭͿ͘KůĞŝĐĂĐŝĚĂŶĚĂŶŽƚŚĞƌƉƌĞǀĂůĞŶƚƚƌŝŐůǇĐĞƌŝĚĞ͕ƐƚĞĂƌŝĐacid 
;ϭϴ͗ϬͿ͕ĂƌĞďŽƚŚŵĂŶŝĨĞƐƚĞĚĨƌŽŵďůŽŽĚĐŚǇůŽŵŝĐƌŽŶƐ;&Žǆ͕ϮϬϬϬͿ͘ 
Eventhough the diet of a ruminant animal is high in poly-
unsaturated fatty acids (PUFAs), a low level is found in the milk fat due 
to microorganisms present in the gut of the animal (Foǆ͕ϮϬϬϬͿ͘KŶůǇϱй
of milk fat fatty acids are of the PUFA variety, and the majority of these 
ĐŽŵĞĨƌŽŵƉŚŽƐƉŚŽůŝƉŝĚƐ;:ĞŶƐĞŶĂŶĚůĂƌŬ͕ϭϵϴϴͿ͘^ƵĐŚĂƐŵĂůĂŵŽƵŶƚ
of PUFA makes it through to the milk itself because organisms in the 
rumen hydrogenate the fatty acids. Contrary to the dietary method used 
to increase MUFA, fat encapsulation is the only known way to avoid 
hydrogenation and increase the amount of unsaturated fats in milk fat 
;:ĞŶƐĞŶĂŶĚůĂƌŬ͕ϭϵϴϴ͖&ŽǆĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘dŚĞĞŶĐĂƉƐƵůĂƟŽŶ
allows the fatty acids to be absorbed in the intestine and avoid 
ŚǇĚƌŽŐĞŶĂƟŽŶ;:ĞŶƐĞŶĂŶĚůĂƌŬ͕ϭϵϴϴͿ͘ďĞŶĞĮƚĂƐŝĚĞĨƌŽŵƚŚĞŚĞĂůƚŚ
aspects of PUFA is the reduced melting point in butter that comes with 
ŝŶĐƌĞĂƐĞĚWh&ĐŽŶĐĞŶƚƌĂƟŽŶƐ;:ĞŶƐĞŶĂŶĚůĂƌŬ͕ϭϵϴϴ͖&ŽǆĂŶĚ
DĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘ 
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One specific PUFA that has recently been shown to have potential 
health benefits is conjugated linoleic acid (CLA, Cϭϴ͗Ϯ). The specific isomer 
of interest is cis-ϵ͕cis-ϭϮ-ŽĐƚĂĚĞĐĂĚŝĞŶŽŝĐĂĐŝĚ;WĂƌŽĚŝ͕ϭϵϵϵ͖
DĂĐŽŶĂůĚ͕ϮϬϬϬͿ͘Fat from ruminant animals contains larger amounts 
of CLA than that of non-ruminant animals. Furthermore, lipids from 
animals that are pasture-fed have a greater amount of CLA than animals 
ƚŚĂƚĂƌĞĨĞĚďŽƚŚŐƌĂŝŶĂŶĚĨƌŽŵƉĂƐƚƵƌĞ;&ĞĂƌŽŶ͕ϮϬϬϭͿ͘>ŝƐ
produced in the rumen as a result of bacteria, which hydrogenate 
ůŝŶŽůĞŝĐĂĐŝĚƵƐŝŶŐůŝŶŽůĞŝĐŝƐŽŵĞƌĂƐĞ;WĂƌŽĚŝ͕ϭϵϵϵ͖DĂĐŽŶĂůĚ͕ϮϬϬϬͿ͘
Health benefits of CLA are still under investigation, but animal studies 
ŚĂǀĞƐŚŽǁŶƉƌŽŵŝƐŝŶŐƌĞƐƵůƚƐ;WĂƌŽĚŝ͕ϭϵϵϵ͖DĂĐŽŶĂůĚ͕ϮϬϬϬ͖&ĞĂƌŽŶ͕
ϮϬϬϭͿ͘>ŵĂǇĂĐƚĂƐĂŶĂŶƟŽǆŝĚĂŶƚƚŽŝŶŚŝďŝƚĐĂŶĐĞƌŽƵƐƚƵŵŽƌŐƌŽǁƚŚ
ĂŶĚƐůŽǁƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨĨĂƩǇůĞƐŝŽŶƐŝŶĂƌƚĞƌŝĞƐ;WĂƌŽĚŝ͕ϭϵϵϵͿ͘
Research is also being conducted to determine if the primary method 
for anti-cancer effects of CLA is a boost to the immune system. CLA has 
also been touted to reduce body fat and increase bone mass 
;DĂĐŽŶĂůĚ͕ϮϬϬϬ͖ĂĞƌet al͕͘ϮϬϬϭ͖&ĞĂƌŽŶ͕ϮϬϬϭͿ͘/ƚŝƐŝŵƉŽƌƚĂŶƚƚŽ
note that these findings have not been studied extensively in humans 
and that many good sources of CLA (beef, milk fat, lamb) are high in fat 
ǁŚŝĐŚŵĂǇƉŽƐĞŽƚŚĞƌŚĞĂůƚŚƌŝƐŬƐ;DĂĐŽŶĂůĚ͕ϮϬϬϬ͖&ĞĂƌŽŶ͕ϮϬϬϭͿ͘ 
Only ruminant animals produce milkfat that contains the short-
chain fatty acid butyric acid. This fatty acid in the milkfat results from 
the breakdown of carbohydrates by bacteria in the rumen. Because of 
this, the butyric acid content of the fat depends largely on the diet of 
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the animal. The resulting carbohydrate breakdown product, ß -hydroxy-
butyrate becomes incorporated into the milkfat (Fox and McSweeney, 
ϭϵϵϴ͖&Žǆ͕ϮϬϬϬͿ͘dŚĞƉƌĞƐĞŶĐĞŽĨďƵƚĂŶŽŝĐĂĐŝĚĂŶĚŽƚŚĞƌƐŚŽƌƚ-chain 
fatty acids is used as a method to test for adulteration of butter with 
ŽƚŚĞƌĨĂƚƐ;,ĂƌĚŝŶŐ͕ϭϵϵϱ͖&ŽǆĂŶĚDĐ^ǁĞĞŶĞǇ͕ϭϵϵϴͿ͘ƵƚĂŶŽŝĐĂĐŝĚŝƐ
also most often associated with fatty-acid type flavors in butter (Douma, 
ϮϬϬϰͿ͘ŶŝŵĂůĚŝĞƚĐĂŶƐƚƌŽŶŐůǇaffect the fatty acids composition of 
ŵĞĂƚĂŶĚŵŝůŬ;tŽŽĚĂŶĚŶƐĞƌ͕ϭϵϵϳ; Wood et al., ϮϬϬϯ͖ƵƌŽƵƐƐĞĂƵ
et al., ϮϬϬϰ; Martin et al. ͕ϮϬϬϱ) and also animal breed (Soyeunt et al., 
ϮϬϬϲͿ͘ 
Ϯ͘Ϯ͘ϰDŝŶŽƌĐŽŵƉŽŶĞŶƚƐŽĨŵŝůŬĨĂƚ 
        Milkfat (MF) is more challenging in characteristic than most natural 
lipids, due to its compositional diversity. Detailed chromatographic 
analysis is difficult due to wide range of fatty acids in MF acylglycerols 
and the presence of minor components specifically cholesterol, 
diacylglycerols (DAG), monoacylglycerol (MAG) and free fatty acids ‘FFA’ 
(Christite et al͕͘ϭϵϴϳ͖:ĞŶƐĞŶ͕ϮϬϬϮͿ͘ 
The minor components are important to the nutrition and 
function of milkfat. The phospholipids provide emulsifying properties; ß -
carotene provides the distinctive yellow color of milk fat and their 
significant concentrations of the fat soluble-vitamins such as vitamin A 
(retinol) and vitamin E ‘tocopherol’ (Huyghebaert et al., ϭϵϵϭͿ͘ 
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The fat component of milk exists in the form of globules, which 
ƌĂŶŐĞŝŶƐŝǌĞĨƌŽŵϬ͘ϭƚŽϭϬŵů;DƵůĚĞƌĂŶĚtĂůƐƚĂ͕ϭϵϳϰͿ͘dŚĞƐĂŵĞ
ĂƵƚŚŽƌŵĞŶƟŽŶĞĚƚŚĂƚƚŚĞƐĞŐůŽďƵůĞƐĐŽŶƚĂŝŶĂďŽƵƚϵϴй
triacyglycerides (TAG) and stabilized by cellular milk fat globule 
membranes (MFGM).  
MFGM is a complex mixture of phospholipids (PL), proteins, 
glycolproteins, triglycerideƐ͕ĐŚŽůĞƐƚĞƌŽů;Ϭ͘Ϯ-Ϭ͘ϱйŽĨƚŽƚĂůůŝƉŝĚƐͿ͕
enzymes and other minor components (Fong et al͕͘ϮϬϬϳͿ͘ 
ǀĞŶƚŚŽƵŐŚŝƚŝƐŽŶůǇϭ-ϮйŽĨƚŽƚĂůůŝƉŝĚƐ͕D&'DĐŽŶƚĂŝŶƐϱϬйŽĨ
the phospholipids present in the milk (Walstra et al͕͘ϮϬϬϲͿ͘ 
2.2.4.1 Phospholipids  
The MFGM is a rich source of phospholipids. Dietary phospho-
ůŝƉŝĚƐŚĂǀĞĂŶƟŽǆŝĚĂƟǀĞĂĐƟǀŝƚǇ;^ĂŝƚŽĂŶĚ/ƐŚŝŚĂƌĂ͕ϭϵϳϳͿ͕ĂƐǁĞůĂƐ
antimicrobial and antiviral properties (Van Hooijdonk et al͕͘ϮϬϬϬͿ͘  
Additionally, the consumption of phospholipids can protect 
against gastric ulceration (Kivinen et al͕͘ϭϵϵϮͿ͘/ŶƌĂƚŵŽĚĞůĨŽƌ
ulcerative action of HCL administrated to stomach lumen, raw rat or 
bovine milk, and also pasteurized bovine milk provided protection, 
however this effect was not found when phospholipids were removed 
ĨƌŽŵƚŚĞŵŝůŬ;ĂŝůĂŶĚ>ŝĐŚƚĞŶďĞƌŐĞƌ͕ϭϵϴϰͿ͘/ŶƚŚĞĚƵŽĚĞŶƵŵ͕ĚŝĞƚ
only, phospholipids convert to their lyso-forms by phospholipids and to 
lesser extent, by pancreatic lipase. Lysophospholipds are strong 
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surfactants and can cause lysis of gram-positive bacteria (Sprong et al., 
ϭϵϵϰͿ͘ 
The phospholipids of milk and dairy products are concentrated 
either in the milk fat globule membrane (MFGM) or in other 
membranous material that is probably derived from the MFGM (Patton 
ĂŶĚ:ĞŶƐĞŶ͕ϭϵϳϱ͖ŚƌŝƐƟĞ͕ϭϵϴϭͿ͘ 
During the processing of milk, the MFGM may be disrupted, and 
the phospholipids are then found in association with water phase. In the 
manufacture of butter, most of the phospholipids are found in the 
ďƵƩĞƌĨƌĂĐƟŽŶ;DƵůĚĞƌĂŶĚtĂůƐƚƌĂ͕ϭϵϳϰͿ͘ůƚŚŽƵŐŚƚŚĞƌĞŝƐŽŶůǇĂ
small proportion of the total lipids in the milk, the phospholipids are 
detergents and cover large surface area, so their content could be of 
considerable relevance during milk processing. It has long been 
recognized that off-flavors in heated milk products are derived in part 
ĨƌŽŵŽǆŝĚŝǌĞĚůŝƉŝĚĐŽŶƐƟƚƵĞŶƚƐ;DŽƌƌŝƐŽŶ͕ϭϵϳϬ͖WĂƩŽŶĂŶĚ:ĞŶƐŽŶ͕
ϭϵϳϱͿĨŽƌĂƵƚŽǆŝĚĂƟŽŶƚŽŽĐĐƵƌŝŶůŝƉŝĚƐĂŵƉůĞƐƚŽĂŶĂƉƉƌĞĐŝĂďůĞ
extent, it is now believed that fatty acids with three or more double 
bonds must be present in close proximity (O'Connor et al͕͘ϭϵϴϭͿ͘ 
The phospholipids tend to contain a relatively high proportion of 
polyunsaturated fatty acids and they are located in proximity to each other 
in the MFGM. Also, they are located at the surface of fat droplets in 
contact with the water phase with the oxygen (ŚƌŝƐƟĞ͕ϭϵϴϳ͖Christie et 
al., ϭϵϴϳͿ ;dĂďůĞϮ͘ϲͿ͘ 
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dĂďůĞ;Ϯ͘ϲͿ͗WŚŽƐƉŚŽůŝƉŝĚĐŽŶƚĞŶƚŽĨďŽǀŝŶĞŵŝůŬ 
Phospholipid  (%) 
Phosphatidyl choline  ϯϰ͘ϱ 
Phosphatidyl ethanolamine  ϯϭ͘ϴ 
Phosphatidyl serine  ϯ͘ϭ 
Phosphatidyl inositol  ϰ͘ϳ 
Sphingomyclin  Ϯϱ͘Ϯ 
Lysophosphatidyl choline  Traces 
Lysophosphatldyl 
ethenocamine  
Traces 
Total choline phospholipids  ϰϱ͘ϳ 
Plasma logens  ϯ 
Diphosphotidyl glycerol  Trace 
Cermides  Trace 
Cerebrosides  Trace 
Ž^ƵƌĐĞ͗DŽƌƌŝƐŽŶ;ϭϵϳϬͿ 
2.2.4.2 Cholesterol (C27H45OH) 
Cholesterol, as a minor constituent of the milk, is probably 
associated with the triglycerides for which it has higher affinity, namely, 
short and medium chain triglycerides and to some extent, long chain 
unsaturated triglycerides. As COϮ ĂĸŶŝƚǇŝƐůŽǁĨŽƌĐŚŽůĞƐƚĞƌŽůĂƚϮϬϬďĂƌ
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ĂŶĚϴϬΣC (low-gas concentration), there would be less competition 
between triglycerides and COϮ for cholesterol. Those cholesterol molecules 
associated with short-and medium-chain triglycerides would be elude into 
the gas phase along with them at low gas concentrations. However, the 
cholesterol molecules associated with long-chain triglycerides are not 
exuded at low-gas concentrations because of their larger size. Cholesterol 
esters, being large molecules, would not be eluted at low-gas 
concentrations.  
ǇƚŚĞůĂƚĞϭϵϴϬƐ͕ƚĞĐŚŶŽůŽŐŝĞƐĨŽƌƚŚĞƌĞŵŽǀĂůŽĨĐŚŽůĞƐƚĞƌŽů
with supercritical carbon dioxide were offered by a number of 
ĐŽŵƉĂŶŝĞƐ;ĂŶŬƐ͕ϭϵϵϭͿ͘ŽŵŵĞƌĐŝĂůŝǌĂƟŽŶǁĂƐŶĞǀĞƌĂƩĞŵƉƚĞĚďǇ
any major food company for removal of cholesterol. Successful scale-up 
and commercialization was achieved by the general foods corporation 
for removal of caffeine from coffee ;,ĞƫŶŐĂ͕ϭϵϵϭͿ͘dŚĞƉƌŝŵĂƌǇ
disadvantages for the dairy industry were the low yields, low cholesterol 
removal, and the very high capital and operating costs of the 
equipment. Enzymatic biological procedures for cholesterol removal 
make use of microorganisms that produce enzymes to convert 
cholesterol into innocuous compounds. Several enzymatic systems have 
been investigated in different countries. Most systems used a 
cholesterol reductase that converts the cholesterol into coprostanol and 
coprosterol (HaƌůĂŶĚĞƌ͕ϭϵϴϴ͖ŶŽŶǇŵŽƵƐ͕ϭϵϵϱͿ͘dŚĞƐĞĐŽŶǀĞƌƚĞĚ
compounds are poorly absorbed by the digestive system and pass 
through intact. Several investigators have isolated and characterized 
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Eubacteria able to convert cholesterol into coprostanol from rat, 
baboon, and human feces. Leaves of cucumber, soybeans, corn, and 
ďĞĂŶƐĂƌĞŬŶŽǁŶƚŽĐŽŶƚĂŝŶƐŝŵŝůĂƌĞŶǌǇŵĞƐ;,ĂƌůĂŶĚĞƌ͕ϭϵϴϴ͖ĞƟǌ͕
ϭϵϵϭ͖,ĞƫŶŐĂ͕ϭϵϵϭͿ͘Lactobacillus acidophilus has also been reported 
ƚŽŵĞƚĂďŽůŝǌĞĐŚŽůĞƐƚĞƌŽů;ŶŽŶǇŵŽƵƐ͕ϭϵϴϰͿ͘ 
Once suitable enzyme systems are identified, the next step 
involves transfer of the gene that codes for the enzyme into suitable 
micro-organisms, such as Lactobacillus and Streptomyces species, for 
large-scale production and purification of the enzyme. Further steps 
may involve attaching the enzyme onto a solid support or adding 
purified enzyme in soluble form to the food systems. It is equally 
envisioned that cholesterol-degrading enzymes, such as cholesterol 
reductase, can be genetically transplanted from one group of bacteria 
into lactic acid bacteria, which are the traditional dairy starter cultures. 
The cholesterol-reducing cultures could then be used in cultured dairy 
products such as cheese.  
The industrial scale-up of enzymatic technology is both highly 
complicated and expensive. Moreover, a primary regulatory problem 
will involve demonstrating that the end products of the cholesterol-
enzyme reaction and the novel compounds formed through genetic 
engineering are harmless.  
Many of the processes for cholesterol removal will meet with 
regulatory problems because of residues, unapproved additives, or by 
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product formation. But the real burden for the U.S dairy industry was 
ƚŚĞϭϵϵϯEƵƚƌŝƟŽŶĂůůĂďĞůŝŶŐĂŶĚĚƵĐĂƟŽŶĐƚ;ŚŝŶet al͕͘ϭϵϵϮͿ͘dŚŝƐ
act created commercial prohibitions, because it requires that 
cholesterol-reduction claims cannot be applied to products that contain 
ŵŽƌĞƚŚĂŶϮŵŐͬŐŽĨƐĂƚƵƌĂƚĞĚĨĂƚ͖ďƵƩĞƌĨĂƚŝƐĂƉƉƌŽǆŝŵĂƚĞůǇϲϱй
saturated. The industry has not yet developed a cost-effective means to 
reduce butter fat saturation.  
For years, the nutritional community has claimed that the effect 
of dietary cholesterol intake on serum cholesterol level was much less 
significant than the ratio of total fat is saturated fat in the diet. The 
general public is becoming aware of this and has consequently reduced 
its demand for low-cholesterol foods (Mensink et al., ϮϬϬϯͿ͘ 
Ϯ͘Ϯ͘ϰ͘ϯ&ƌĞĞĨĂƩǇĂĐŝĚƐ;&&Ϳ  
FFA are undesirable in milk-fat products because the shorter 
chain homologues are primary responsible for the rancid flavour typified 
of butyric acid (Borgstrom and JöŶƐƐŽŶ͕ϭϵϴϲ͖DƵŶƌŽet al͕͘ϭϵϵϮͿ͘The 
short chain fatty acids reported also to catalyze the fat oxidation 
reaction (Munro et al͕͘ϭϵϵϮͿ͘,ŽǁĞǀĞƌ͕&&ĐŽŶƚƌŝďƵƚĞƐƚŽƚŚĞŶŽƌŵĂů
flavour of ghee and their level has been related to the flavour quality. 
Various FFA including Cϲ, Cϴ, CϭϬ CϭϮ, Cϭϰ, Cϭϲ, Cϭϴ and Cϭϴ͗Ϯ were reported 
ƚŽŽĐĐƵƌŝŶŐŚĞĞ;zĂĚĂǀĂŶĚ^ƌŝŶŝǀĂƐĂŶ͕ϭϵϴϰͿ͘ 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
2.3 Milk fat based products  
It includes: 
2.3.1 Butter 
Butter is defined as the product made exclusively from milk or 
cream or both, with or without additional coloring matter and 
ĐŽŶƚĂŝŶŝŶŐŶŽƚůĞƐƐƚŚĂŶϴϬйďǇǁĞŝŐŚƚŽĨŵŝůŬĨĂƚ;h^͕ϭϵϴϵͿ͘dǁĞŶƚǇ
one pound of fresh milk is necessary to produce one pound of butter 
;ŽƵŵĂ͕ϮϬϬϰͿ͘ 
The mĂǆŝŵƵŵƉĞƌŵŝƩĞĚǁĂƚĞƌĐŽŶƚĞŶƚŽĨďƵƩĞƌ͕ϭϲй͕ŝƐ
regulated by international standards set out by Food and Agriculture 
Organization of the United Nations (FAO) and World Health 
Organization (WHO). The water content affects the quality of the butter, 
includŝŶŐŝƚƐŇĂǀŽƵƌĂŶĚƚĞǆƚƵƌĞ;:ĞďƐŽŶ͕ϭϵϳϰ͖<ƵůŬĂƌŶŝĂŶĚDƵƌƚŚǇ͕
ϭϵϴϱͿ͘ 
/ŶŵŽƐƚĐŽŵŵŽŶůǇƵƐĞĚƉƌŽĐĞƐƐĞƐďƵƩĞƌĐŽŶƚĂŝŶŝŶŐϯϱйĨĂƚŝƐ
first exposed to a specific time- temperature treatment in order to 
ŽďƚĂŝŶƚŚĞƉƌŽƉĞƌĐƌǇƐƚĂůƐƚƌƵĐƚƵƌĞ;ŶŽŶǇŵŽƵƐ͕ϮϬϬϯͿ͘Next, during the 
churning processes, the globules are beaten in air, leading to the 
formation of butter grain and buttermilk. After buttermilk separation, 
ƚŚĞŐƌĂŝŶƐĐŽŶƚĂŝŶĂďŽƵƚϭϱйŵŽŝƐƚƵƌĞďƵƚĨƵƌƚŚĞƌǁŽƌŬŝŶŐĂŶĚĐŽŽůŝŶŐ
is required to produce the finaůďƵƩĞƌƉƌŽĚƵĐƚ͕ĂŶĚĨƌŽŵϱ-ϯϬйŽĨ
commercial butter can still be in the form of fat globules, with 
ĂƉƉƌŽǆŝŵĂƚĞůǇϱϬ-ϳϱйďĞŝŶŐĨƌĞĞĨĂƚ;tĂůƐƚƌĂet al͕͘ϮϬϬϲͿ͘ 
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While a large portion of the MFGM is removed with aqueous 
butter milk phase, a substantial amount of phospholipids remains in the 
ďƵƩĞƌ;DƵůĚĞƌĂŶĚtĂůƐƚƌĂ͕ϭϵϳϰͿ͘ 
Alternative butter making processes have also been developed; 
ĮƌƐƚƚŚĞĐƌĞĂŵŝƐĐŽŶĐĞŶƚƌĂƚĞĚƚŽĂƉƉƌŽǆŝŵĂƚĞůǇϴϱйĨĂƚǀŝĂ
centrifugation to produce, a “plastic” cream followed by phase inversion 
;DƵŶƌŽ͕ϭϵϴϲͿ͘,ŽǁĞǀĞƌ͕ƚŚŝƐƉƌŽĚƵĐƟŽŶŵĞƚŚŽĚĚŝĚŶŽƚĐĂƚĐŚŽŶŝŶƚŚĞ
west because the resulting butter tends to be harder at refrigeration 
temperatures, and all the MFGM, remains in the butter since no 
buttermilk is produced (Mulder and WalstƌĂ͕ϭϵϳϰͿ͘ 
2.3.1.1 Physical and organoleptic characteristics of butter 
2.3.1.1.1 Consistency  
Consistency has been defined as ‘that property of the material by 
which it resists permanent change of shape and is defined by complete 
force flow relation’ (AntŝůĂ͕ϭϵϴϮͿ͘dŚŝƐŝŵƉůŝĞƐƚŚĂƚƚŚĞĐŽŶĐĞƉƚŽĨ
consistency includes many aspects and cannot be expressed by one 
parameter. Today more importance is attached to spreadability than 
any thing else in the evaluation of consistency of butter, the general 
consensus is that butter should be spreadable at refrigerator 
temperatures. There is no suitable method available to measure such a 
subjective criterion as spreadability of butter. For this reason, the 
firmness of butter, which should correlate well with spreadability, are 
selected as a parameter to be measured. It was recommenced that the 
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use of the cone pentrometer, along with other methods, could provide 
ŐŽŽĚƌĞƐƵůƚƐ;sĂŶĚĞŶĞƌŐ͕ϭϵϴϮͿ͘ 
2.3.1.1.2 Flavor  
Flavor is one of the most important consumer attributes of butter, 
and it is made up of many volatile and non volatile compounds. 
ZĞƐĞĂƌĐŚĞƌƐŚĂǀĞŝĚĞŶƟĮĞĚŵŽƌĞƚŚĂŶϰϬŶĞƵƚƌĂůǀŽůĂƟůĞƐ͕ŽĨǁŚŝĐŚƚŚĞ
most prominent are lactones, ethyl esters, ketones, aldehydes and free 
ĨĂƩǇĂĐŝĚƐ;^ŝĞŬĂŶĚ>ŝŶĚƐĂǇ͕ϭϵϳϬͿ͘  
The most non volatiles, of which salt (sodium chloride) is the most 
prominent, contribute to a balance flavor profile, diacetyl and dimethyl 
sulfide also contributes, especially in cultured butter flavor (Kinsella, 
ϭϵϳϱͿ͘dŚĞĂƌŽŵĂĐŽŵƉŽƐŝƟŽŶŽĨďƵƩĞƌdepends on the animal feeding 
;ǌǌĂƌĂĂŶĚĂŵƉďĞů͕ϭϵϵϮͿ͕ƐĞĂƐŽŶŽĨƉƌŽĚƵĐƟŽŶ;ĂǇet al͕͘ϭϵϲϰͿ͕
ŵĂŶƵĨĂĐƵƌŝŶŐƉƌŽĐĞƐƐ;^ĐŚŝĞďĞƌůĞĂŶĚ'ƌŽƐĐŚ͕ϭϵϴϳͿĂŶĚĨŽƌĂŐĞ
condition (Widder et al͕͘ϭϵϵϭ͖ŚƌŝƐƚĞŶƐĞŶĂŶĚ,ŽůŵĞƌ͕ϭϵϵϲͿ͘ 
An extensive study to identify the aroma compounds present in 
water fraction of butter (Adahchour et al͕͘ϭϵϵϵͿĨŽƵŶĚϮϯĐŽŵƉŽƵŶĚƐ͕
ƐƵĐŚĂƐϭ-methoxy-Ϯ-ƉƌŽƉĂŶŽů͕ϯ-hydroxy-ϮďƵƚĂŶŽŶĞ͕ϭĞƚŚŽǆǇ-ϮƉƌŽƉĂ-
ŶŽů͕Ϯ-ϯďƵƚĂŶŽŝĐĂĐŝĚĂŶĚďĞŶǌŽŝĐĂĐŝĚ͘/ƚǁĂƐŽďƐĞƌǀĞĚƚŚĂƚƚŚĞŚĞĂƚ
treatment of buƩĞƌĂƚϭϳϬoĨŽƌϱŵŝŶƵƚĞƐŝŶĚƵĐĞĚƌĂƉŝĚĨŽƌŵĂƟŽŶŽĨ
Ϯ͘ϱĚŝŵĞƚŚǇů-ϰŚĚƌŽǆǇ-ϯ-;Ϯ,ͿĨƵƌĂŶŶĞĂŶĚϯ-hydroxy-Ϯ-methylpyran-ϰ-
one (maltol) and the same research group recently improved the 
identification of flavor compounds in butter (Adahchour et al͕͘ϮϬϬϱͿ͘ 
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2.3.1.1.3 Body and texture 
Body and texture, by mean of appropriate qualifications of the 
term body and texture, butter graders describe the physical properties 
of butter that are noted by the senses. The exact meaning of this term 
has not been clearly outlined, and frequently they are used if they had 
the same meaning. Certain properties such as hardness and softness 
refer to the body of the butter, whereas properties such as openness 
refer to texture. However, some of the properties, such as leakiness or 
crumbliness, are confusing usually since most body and texture terms 
are used to describe a defect e.g., gritty, gummy and sticky (Kleyn, 
ϭϵϵϮͿ͘'ŽŽĚďƵƩĞƌƐŚŽƵůĚďĞĂĮŶĞĂŶĚĐůŽƐĞƚĞǆƚƵƌĞǁŝƚŚĂĮƌŵǁĂǆǇ
body; and be sufficiently plastic to be spreadable at cold temperature.  
2.3.1.1.4 Color  
The color of butter may vary from a light, creamy white to a dark, 
creamy yellow or orange yellow. Differences in butter color are the 
result of variations in the color of butter fat which is affected by the 
feed, season of the year, in the size of fat globule, presence or absence 
of the salt, conditions of working the butter and the type and amount of 
ŶĂƚƵƌĂůĐŽůŽƌŝŶŐĂĚĚĞĚ;,ĞƫŶŐĂ͕ϭϵϵϭͿ͘ 
2.3.1.1.5 Texturization and spreadability  
The most common method to improve the spreadability of butter 
ŝƐƚŽŝŶĐŽƌƉŽƌĂƚĞĂŝƌŽƌŶŝƚƌŽŐĞŶ͕ŐĞŶĞƌĂůǇŝŶĐƌĞĂƐŝŶŐƚŚĞǀŽůƵŵĞďǇϯϯй
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and the product is called whipped butter, and it is sold in a tube rather 
than in stick form.  
The consistency of butter is determined by the percentage of solid 
fat present which is directly influenced by the fat, composition, the 
thermal treatment given to the cream before churning, the mechanical 
treatment given to butter after manufacture and the temperature at 
which the butter is held (Cullinance aŶĚĂƐŽŶ͕ϭϵϴϮͿ͘ 
A spreadable consistency of butter can be achieved by either 
varying the fatty acid composition or varying heat-step cream ripening 
ƟŵĞƐĂŶĚƚĞŵƉĞƌĂƚƵƌĞƐ;DŽƌƚĞŶƐĞŶĂŶĚ:ĂŶƐĞŶ͕ϭϵϴϮͿ͘dŚĞƌĞĂƌĞĂ
number of recognized processing options available that influence butter 
spreadability and the example includes mechanical treatment (texturiza-
ƟŽŶͿ;ƵůŝŶĂŶĞĂŶĚĂƐŽŶ͕ϭϵϴϮ͖ De Jong et al͕͘ϭϵϴϲ͖ĞƌŶƚƐĞŶ͕ϭϵϵϮͿ͕
temperature profiling of the cream (Alnarping) (Kawanari et al͕͘ϭϵϵϮͿ͕
blending wŝŶƚĞƌĂŶĚƐƵŵŵĞƌďƵƩĞƌ;&ĞĂƌƐŽŶĂŶĚ:ŽŚŶƐƚŽŶ͕ϭϵϴϴͿ͕
fraction of the anhydrous milkfat (Makhlouf et al͕͘ϭϵϴϳ͖ŽƵĚƌĞĂƵĂŶĚ
ƌƵů͕ϭϵϵϭ͖<ĂǇůĞŐŝĂŶĂŶĚ>ŝŶĚƐĂǇ͕ϭϵϵϮͿ͘/ŶƚĞƌĞƐƚĞƌŝĮĐĂƟŽŶŽĨƚŚĞĨĂƩǇ
ĂĐŝĚƐ;DŝĐŬůĞ͕ϭϵϲϬ͖DŽƌƚĞŶƐĞŶĂŶĚ:ĞŶƐĞŶ͕ϭϵϴϮͿ͖ƚŚĞĚŝet of the cow 
;ĂŶŬƐĂŶĚŚƌŝƐƟĞ͕ϭϵϵϬ͖ĂŶŬƐ͕ϭϵϵϭ͖^ƚĞŐĞŵĂŶet al͕͘ϭϵϵϮͿĂŶĚ
ĐƌĞĂŵƌŝƉĞŶŝŶŐ;ZŽŚŵĂŶĚZĂĂďĞƌ͕ϭϵϵϮͿ͕ĂůƚŚĞƐĞĨĂĐƚŽƌƐĂīĞĐƚƚŚĞ
texture and spreadability.  
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2.3.1.2 Butter fat products  
2.3.1.2.1 Butter fat vegetable oil blends  
The first commercial development of a spread made from a 
combination of butter ĨĂƚĂŶĚǀĞŐĞƚĂďůĞŽŝůǁĂƐŝŶ^ǁĞĚĞŶŝŶϭϵϲϯ͘dŚĞ
ƉƌŽĚƵĐƚ͕ƌĞŐŽƩ͕ĐŽŶƚĂŝŶƐϴϬй ĨĂƚ͕ŽĨǁŚŝĐŚϴϬйŝƐmilkfat ĂŶĚϮϬйŝƐ
soybean oil ;ŝůĞŶ͕ϭϵϳϳͿ͘ Bregott is margarine according to Swedish and 
American food standards. Swedish scientists also developed and 
successfully commercialized the first reduced-fat spread in Europe in 
ϭϵϳϰ͘dŚĞƉƌŽĚƵĐƚ͕>ĂƩĂŶĚ>ĂŐŽŵ͕ĐŽŶƚĂŝŶƐϯϵ-ϰϭйĨĂƚ͕ŽĨǁŚŝĐŚϲϬйŝƐ
milkfat ĂŶĚϰϬйŝƐƐŽǇďĞĂŶŽŝů͘/ƚŝƐĐŽnsidered to be low-calorie 
margarine. Bregott is exported to Australia, and Latt and Lagom to Japan 
and France ;ŚĂƌƚĞƌŝƐĂŶĚ<ĞŽŐŚ͕ϭϵϵϭͿ͘ In Finland, where Bregott is 
popular, oil from rapeseed is used ;&ƌŝƐ͕ϭϵϴϮͿ͘ 
Other products (under license from the Bregott patent) are 
Voimariini in Finland, Bremykt in Norway, Smjorvi in Iceland, and Dairy 
Soft in Australia. Similar products are Clover in the U.K; and Dairy Gold, 
Kerry Gold, and Gold’n Soft in Ireland. The latter blends are high-fat 
products ;ϳϱ–ϴϮ% fat), and the amount of butter ĨĂƚŝƐĂďŽƵƚϱϬй 
;ŶĚĞƌƐŽŶ͕ϭϵϵϭͿ͘Most of these products are manufactured in a 
churning process in a churn or a continuous butter machine.  
The first steps in the manufacture of Bregott are pasteurization of 
the cream, followed by cooling and temperature treatment. The 
cultures are the same as those used in butter making. Measured 
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quantities of cream and soybean oil are mixed
continuously injected before churning in a continuous
The by-product is sour buttermilk.
The most commonly used vegetable oil is soybean oil. Products 
with a low percentage of butter fat will contain not only vegetable oil 
but also hydrogenated
minor part of the total fat is butter
the manufacturing process is completely
production. In this case, the technology is analogous
margarine manufacture, where some part of the fat is replace
butter fat. The emulsion is cooled in scraped
Ϯ͘Ϯ). 
&ŝŐ͘;Ϯ͘ϮͿ͗&ůŽǁĚŝĂŐƌĂŵŽĨƚŚĞŵĂŶƵĨĂĐƚƵƌĞŽĨďƵƩĞƌ
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;ŶĚĞƌƐŽŶ͕ϭϵϵϭͿ 
Very low-fat spreads have recently been developed. The first 
European commercialized product was made by St. Ivel and is called St. 
Ivel’s Lowest. It contains ϮϱйďƵƩĞƌĨĂƚĂŶĚŚĂƐůŽǁĞƌƐĂƚƵƌĂƚĞĚĨĂƚ
cŽŶƚĞŶƚƚŚĂŶƐƵŶŇŽǁĞƌŵĂƌŐĂƌŝŶĞ;ŚĂƌƚĞƌŝƐĂŶĚ<ĞŽŐŚ͕ϭϵϵϭͿ͘ 
/ŶƚŚĞĞĂƌůǇϭϵϴϬƐ͕ďůĞŶĚƐŽĨďƵƩĞƌĂŶĚǀĞŐĞƚĂďůĞŽŝůƉƌŽĚƵĐƚƐ
appeared in the U.S. market. With the country Morring Blend make by 
Land O'lake being the leader. These blend generally and of ϰϬйďƵƩĞƌ
ĂŶĚϲϬйǀĞŐĞƚĂďůĞŽŝůĨŽƌĂƚŽƚĂů ĨĂƚĐŽŶƚĞŶƚŽĨϴϬй͕ǁŝƚŚŝŶƚŚĞ
margarine Standard of Identity and designation. With the increasing 
popularity of reduced-ĨĂƚ;ůĞƐƐƚŚĂŶϴϬйͿ spreads, starting in the 
midϭϵϴϬƐ͕ŽƚŚĞƌďůĞŶĚƐǁŝƚŚďƵƩĞƌĨĂƚĐŽŶƚĞŶƚƐŽĨϮ-ϮϱйǁĞƌĞ
introduced. The ϴϬйĨĂƚŵĂƌŐĂƌŝŶĞďůĞŶĚƐůŽƐƚ market shares to lower 
fat spreads and blends ;ĞŚƌĞŶƐ͕ϭϵϴϴͿ͘ 
A number of processes have been developed using continuous 
churns (Graves, ϭϵϴϰͿ and alternative systems similar to the Cherry, 
Burrell Gold’n Flow process (Antenore et al͕͘ϭϵϴϰͿ͘ The major 
disadvantage to churning, either batch or continuous, is that the 
resultant buttermilk is adulterated with some vegetable fat and is less 
valuable than standard buttermilk. An advantage of alternative 
processing systems is their ability to accommodate easily the 
manufacture of reduced-fat spread blends. All butter fat-vegetable oil 
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blends provided alternatives to butter for the consumer when concerns 
of health (e.g., fat saturation) and spreadability are desired. 
2.3.1.2.2 Ghee 
By definition, ghee is a product obtained exclusively from milk or 
fat-enriched milk products of various animal species by means of 
processes that result in the near total removal of water and nonfat 
solids (similar to anhydrous milk fat) with an especially developed 
characteristic flavor and  physical structure ;ŽĚĞǆ^ƚĂŶ͕ϮϬϬϲͿ͘ 
Typically, ghee is manufactured by heating butter to temperature 
well above those used during anhydrous milk fat (AMF) manufacture. 
The high-temperature treatment of the nonfat milk solids and milkfat 
leads to the development of a strong buttery flavor. However, 
traditional ghee, as produced in the Middle East and Asia, has a more 
rancid taste due to less sophisticated methods of preparation and 
storage. Manufacturers in the European Community are also producing 
ghee by adding ethyl butyrate to anhydrous milkfat (Wadhwa and Jain, 
ϭϵϵϬ͖>ĂŶĚŽŶĂŶĚWĂƚĞŶƚ͕ϮϬϬϰͿ͘ Alternative synthetic flavors have been 
developed to add ghee flavor notes to butter oil. 
A synthetic mixture consists of d-'ϭϬůĂĐƚŽŶĞ;ϯƉƉŵͿ͕Ě-'ϭϮ
ůĂĐƚŽŶĞ;ϭϱƉƉŵͿ͕ ĚĞĐĂŶŽŝĐĂĐŝĚ;ϱƉƉŵͿ͕ĂŶĚŬĞŶĂŶŽŶĞ-Ϯ;ϭϬƉƉŵͿ͘dŚŝƐ
technique is simpler, less time consuming, and more economical than 
the technique that uses powders. The shelf life of this flavored butter oil 
ŝƐϮ͘ϱŵŽŶƚŚƐ͘,ŽǁĞǀĞƌ͕ƚŚĞĂĚĚŝƟŽŶŽĨƐǇŶƚŚĞƟĐ antioxidant, butylated 
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ŚǇĚƌŽǆǇĂŶŝƐŽůĞ;,ͿĂƚƚŚĞϬ͘ϬϮйůĞǀĞů͕Ğnhances its shelf life so it can 
compete well with conventional ghee ;tĂĚŚǁĂĂŶĚ:ĂŝŶ͕ϭϵϵϭͿ͘ 
Ghrita ;ŐŚĞĞͿǁĂƐƉƌŽĚƵĐĞĚŝŶĂŶĐŝĞŶƚ/ŶĚŝĂĂƐĨĂƌďĂĐŬĂƐϭϱϬϬ
;ĐŚĂǇĂ͕ϭϵϵϳͿ͘/ŶƚŚĞDŝĚĚůĞĂƐƚƐŝŵŝůĂƌƉƌŽĚƵĐƚƐŚĂǀĞďĞĞŶ
available properly since equally ĂŶĐŝĞŶƚƟŵĞƐ;ďĚĂůĂ͕ϭϵϵϰͿ͘&ĂƚďĂƐĞĚ
products comparable to ghee have also been produced for generations 
by the cattle keeping communities of Africa such as in Sudan (Dirar, 
ϭϵϵϯͿĂŶĚƚŚŝŽƉŝĂ;ĞŬĞůĞĂŶĚ<ĂƐƐĂǇĞ͕ϭϵϴϳͿ͘ 
Ghee is widely considered as the Indian name for clarified 
butterfat, usually prepared from cow milk, buffalo milk or mixed milk 
;ZĂũŽƌŚŝĂ͕ϭϵϵϯͿ͘/ŶƚŚĞDŝĚĚůĞĂƐƚ͕ŐŚĞĞŝƐĐŽŵŵŽŶůǇŵĂĚĞĨƌŽŵŐŽĂƚ͕
sheep or camel milk and it is known as maslee or by some variant of the 
Arabic term sĂŵŶ͕/Ŷ/ƌĂŶŝƚŝƐĐĂůĞĚZŽŐŚĂŶ;hƌďĂĐŚĂŶĚ'ŽƌĚŽŶ͕ϭϵϵϰͿ͘ 
The definition of Codex Alimentarius Commission (Codex Stan, 
ϭϵϵϳͿfor ghee is similar to that of IDF. However, the IDF specifies 
maximum level of FFA and peroxide value (PV) while Codex Alimentarius 
does not, instead Codex Alimentarius standard specifies that ghee 
should have a specially developed flavor. 
Uses of various products related to ghee have been documented 
from different parts of the world. Meshho, a traditional Assyrian 
product, is addĞĚƚŽĚŝƐŚĞƐŵĂŝŶůǇĂƐĂŐŚĂƌŝƐŚ;ďĚĂůĂ͕ϭϵϵϰͿ͘/Ŷ^ƵĚĂŶ͕
Semn is mainly used as a topping for source mainly made from variety of 
ingredients among the nomads who produce it. Samin is also drunk on 
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its own, usually in small quantities, such as coffee cupful every morning. 
Other uses of Samin include feeding children in a pure form or mixed 
with food, as a relished and as a topping for coffee or tea, or for 
therapeutic purposes. A mixture of honey and samin is believed to be 
very nutritious and effective apŚƌŽĚŝƐŝĂĐ;ŝƌĂƌ͕ϭϵϵϯͿ͘ 
In Sudan samin is also known as dhin (arbaic for fat) in most part 
of Sudan is made by the heat clarification of “butter” called Furssa or 
Zibda. Raw milk is fermented in a gourd that has been smoked with 
wood from selected trees or in a container made of skin. If a gourd is 
used a starter from the previous batch is added to initiate the 
fermentation when a sufficient amount of butter has been collected 
over a few days and it is heated to clarify to Samin. Small flat pieces of 
dough made from sorghum or millet are added to help clarify the 
product during heating. Samin has a characteristic pleasant flavor but if 
the boiling process is incomplete, it develops rancid flavor in short time. 
Ă^ŵŝŶĐĂŶŬĞĞƉǁĞůĨŽƌϲ-ϴŵŽŶƚŚƐ͕ƚŚĞƐŚĞůĨ-life being dependant on 
ƚŚĞƋƵĂůŝƚǇŽĨƚŚĞƉƌŽĚƵĐƚĂŶĚƐƚŽƌĂŐĞĐŽŶĚŝƟŽŶ;ŝƌĂƌ͕ϭϵϵϯͿ͘ 
Traditional method of making Samna in Egypt is as follows; butter 
ŝƐŚĞĂƚĞĚƵŶĚĞƌĐŽŶƟŶƵŽƵƐƐƟƌƌŝŶŐƚŽϱϬ-ϲϬΣǁŝƚŚϮ-ϰйĂĚĚĞĚƐĂůƚ͘dŚĞ
addition of salt is claimed to decrease the water content of the resultant 
Samna by increasing the boiling point of the water in ghee. The addition 
of salt, however, increases the dry matter content of ghee (Abou Donia 
and EL-ŐĂŵǇ͕ϭϵϵϯͿ͘ 
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The traditional method of processing ghee is also described in 
other parts of the world, Meshho is Assyrian non perishable milk fat, 
ĚĞƐĐƌŝďĞĚďǇďĚĂůĂ͕;ϭϵϵϰͿ͕ƚŚŝŽƉŝĂŶŝŶĚŝŐĞŶŽƵƐŐŚĞĞďǇĞŬĞůĞĂŶĚ
<ĂƐƐĂǇĂ;ϭϵϴϳͿ͕^ĂŵƵůŝ;hŶŐĂŶĚĂͿ;DŽŚĂŵŵĞĚet al͕͘ϭϵϵϴͿ͘ 
Ghee is a source of lipid nutrients, fat soluble vitamins and 
essential fatty acid (Chand et al͕͘ϭϵϴϲͿ͘ďŽƵƚϳϬйŽĨƚŚĞĨĂƩǇĂĐŝĚƐŝŶ
ŵŝůŬĂƌĞƐĂƚƵƌĂƚĞĚ͕ŽĨǁŚŝĐŚĂďŽƵƚϲϬйĂƌĞůŽŶŐĐŚĂŝŶĨĂƩǇĂĐŝĚƐ;,ĂǀĞů͕
ϭϵϵϳͿƚŚĞŵĂŝŶůǇϭϴ͗ϭĐŽŶƐƟƚƵƚĞŵŽƐƚŽĨƚŚĞƌĞŵĂŝŶĚĞƌ͕ǁŝƚŚĚĞĐƌĞĂƐĞ
and triunes ƚŽŐĞƚŚĞƌŽŶůǇĂĐĐŽƵŶƚĨŽƌĂďŽƵƚϯй͘ůƚŚŽƵŐŚŵĞĚŝĐĂů
criticism has been directed at milk fat on the basis of its saturated 
nature, it is more accountants to consider it as lacking polyunsaturated 
ďĞĐĂƵƐĞŽĨŝƚƐŚŝŐŚϭϴ͗ϭĐŽŶƚĞŶƚ;ĂŶŬƐ͕ϭϵϵϭͿ͘ 
Recently, this fatty acid that is occurring in high concentration in 
milkfat has been recognized as an anti carcinogen and its anticar-
cinogenic effect has been demonstrated in several animal models (Chin 
et al͕͘ϭϵϵϮͿ͘ůƐŽĐŽŶũƵŐĂƚĞĚůŝŶŽůĞŝĐĂĐŝĚ;>ͿŚĂƐďĞĞŶƌeported to be 
cytotoxic to human malignant melanom colorectal and breast cancer 
cells in vitro, and inhibitorier to cancer cell proliferation than ß -carotene 
;WĂƌŽĚŝ͕ϭϵϵϰͿ͘ 
2.3.1.2.3 Butter fat as an ingredient 
2.3.1.2.3.1 Recombined products 
For recombination of milk and dairy products, the two primary 
ingredients required are anhydrous milk fat (AMF) and nonfat milk 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
solids. A range of fat sources is available for the recombining industry, 
but only a few of these are in widespread use. In most countries, 
anhydrous milkfat is usually the sole fat source. Numerous products can 
be made by putting together the correct proportions of water, flavor 
and other ingredients as desired (e.g., sugar, emulsifier and stabilizers) 
to make sweetened condensed milk, ice cream, recombined butter or 
ŵŝůŬ;ϭй͕Ϯй͕Žƌ full-fat). For these applications, AMF of the highest 
quality should be used to avoid off-flavor development. The 
recombination of butter has been reported in detail (Van den Berg, 
ϭϵϴϮͿ͘ 
In response to the problems associated with the handling of 
unsalted butter, a new milkfat product was developed in New Zealand 
to combine the superior flavor of butter with the ease of handling of 
AMF. Initial shipments of this product, fresh frozen milkfat for 
recombining (FFMR) were favorably received, and FFMR quickly became 
established as the preferred alternative to unsalted butter (Norris, 
ϭϵϵϭͿ͘ 
2.3.1.2.3.2 Pastry, cake and biscuit products  
In general, fats play several essential nutritional, technological, 
functional and organoleptic roles in most bakery applications. As a result 
of its physical properties, fat plays a major part in the production of the 
majority of items in the pastry, cake, biscuit and chocolate confectionery 
sector; for example, in the preparation of pastry cream and in the 
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desired appearance and texture of the end product. These physical 
properties include the rheological properties (consistency, plasticity, 
texture, etc.) and the properties of fusion and crystallization depend on 
the type of fat, the temperature and the working conditions of the 
product. 
The fats used in pastry and biscuit confectionery have different 
functions, which are determined by their rheological properties 
(plasticity and texture). In pastry, ƚŚĞƐĞƉƌŝŶĐŝƉĂůĨƵŶĐƟŽŶƐĂƌĞ;ϭͿan 
increase in the plasticity of the pastry (e.g., hard pastry with a low level 
ŽĨŚǇĚƌĂƟŽŶͿĂŶĚ;ϮͿĂďƌĞĂŬŝŶƚŚĞďŽĚǇŽĨƚŚĞƉĂƐƚƌǇ (i.e., the fat 
makes the gluten structure discontinuous, which gives the desired 
crumbliness in biscuits) ;ĂƌƚƐ͕ϭϵϵϭͿ͘ 
2.3.1.2.3.3 Confectionery-liquors and liqueur 
 In chocolate confectionery and for pastry creams, it is the 
physical properties linked to the fusion and the crystallization of the fat 
that are essential. For milk chocolate, for coating or in bars, AMF can be 
used in proportions that depend on its compatibility with cocoa butter, 
whose properties ŽĨŚĂƌĚŶĞƐƐĂŶĚƌĂƉŝĚĨƵƐŝŽŶĂƚϯϱºC cannot be 
altered. Thus it is currently accepted that AMF with high fusion levels 
obtained by the fractionation technique can be used. In general, milkfat 
has an interesting characteristic; it inhibits the appearance of fat bloom 
;'ŽƌĚŽŶ͕ϭϵϵϭͿ͘ 
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For pastry creams, the ideal is an AMF, which causes rapid melting 
in the mouth. Depending on the type of pastry cream, a wider choice of 
AMF can also be offered. 
Due to the low level of milkfat in dark chocolate, fat bloom is a 
problem with this product. The hard fraction of milkfat (milkfat stearin) 
has been reported to act as an antibloom in dark chocolate, giving the 
chocolate an increased shelf life. However, the use of hardened milkfat 
is limited in several major chocolate producing countries (Gordon, 
ϭϵϵϭͿ͘ 
Regulations for the amount of milkfat, nonfat milk solids, whole milk 
solids and total milk solid allowed in milk chocolate vary among countries. 
Fats other than milkfat are allowed in milk chocolate in some countries, 
although different flavors and textures may result in the chocolate.  
Although the preferred source of milkfat in cream liqueurs and 
associated beverages is undoubtedly double cream, its use may lead to 
problems. In particular, cream contains calcium and other ionic 
materials and one solution is to wash the cream to remove all ionic 
materials, but this approach is cumbersome in practice. The preferred 
approach is to use anhydrous butter fat as the starting material. 
2.3.1.2.3.4 Butter fat powders 
The main purposes of transforming fats into powdered forms are 
to increase their microbial stability and to enhance their handling and 
functional properties. Powdered fats are available in two principal 
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forms; the first form is feasible only if the fat contains sufficiently large 
amounts of high melting compounds. If a fine jet of molten fat is 
sprayed into an ambient atmosphere, it will set as fine discrete particles, 
the second form embodies the use of a carrier and this form is necessary 
for oils and fats, such as milk fat that contains appreciable amounts of 
low melting triglycerides. The carrier can be added to the fat before or 
after spraying. 
Dry creams are commonly produced as an ingredient for many 
applications. dŚĞǇĐŽŶƐŝƐƚŽĨĂƚůĞĂƐƚϰϬйďƵƩĞƌĨĂƚ͕ďƵƚĐĂŶƌĂŶŐĞƵƉƚŽ
ϳϬйĨĂƚ͕ϮϮ-ϱϳйŶŽŶĨĂƚ milk solids ĂŶĚϬ͘ϱ–ϱйŵŽŝƐƚƵƌĞ͘ 
The Commission for Dried and Condensed Milk of the International 
Dairy Federation (IDF, ϭϵϲϮͿƉƌŽƉŽƐĞĚƚŽĚĞƐŝŐŶĂƚĞĐƌĞĂŵƉŽǁĚĞƌƐŽĨϲϬй
or more milk fat as "butter powder". Later, it was suggested that a 
ŵŝŶŝŵƵŵŽĨϴϬйŵŝůŬĨĂƚďĞƵƐĞĚĨŽƌďƵƩĞƌƉŽǁĚĞƌ (Sitaram and Gupta, 
ϭϵϴϴͿ͘ Butter powder composition can vary in the amounts and types of 
the nonfat constituents depending on the application. Powders can include 
nonfat milk solids, sodium caseinate, sodium citrate, sodium aluminum 
silicate, sucrose and lactose ;^ŝƚĂƌĂŵĂŶĚ'ƵƉƚĂ͕ϭϵϴϴͿ͘ Other possible 
minor constituents are antioxidants, emulsifiers, flow agents and 
stabilizers. The objective is to create a stable, fluffy, free-flowing, non 
ŐƌĞĂƐǇĂŶĚůŽŽƐĞĐƌĞĂŵǇƉŽǁĚĞƌ͘ƵƩĞƌƉŽǁĚĞƌĐŽŶƚĂŝŶŝŶŐϴϬ-ϴϱйĨĂƚ
could not possibly meet the legal and organoleptic texture requirements of 
butter when reconstituted with water; therefore, it is not in market 
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competition for conventional butter use. The potential applications for 
highfat powdered products include butter-like spreads, coffee or beverage 
whiteners, soup, sauce and dessert creamers, convenience ice cream, 
scrambled eggs and omelet’s, pudding and pancake mixes and aerating 
fats. 
2.3.1.2.4 Specialty butter fat products 
2.3.1.2.4.1 Flavored butter 
Flavored butters (garlic, onion, pepper, lemon, etc.) have been 
successfully mass marketed in Europe (GƵĞŶĂƵůƚ͕ϭϵϵϮͿ͕ but this success 
has not been translated to the U.S market. There exists a limited 
specialty market in upscale stores and delicatenes and certain food 
service applications.  
2.3.1.2.4.2 Hypoallergenic butter 
U.S.A ƉĂƚĞŶƚǁĂƐŐƌĂŶƚĞĚŝŶϭϵϵϮ for the manufacture of 
hypoallergenic butter ;'ŝƌƐŚ͕ϭϵϵϮͿ͘ The product is a sterile butter-like 
product made from anhydrous milk fat and it contains no nonfat solids 
;ϵϵ͘ϵйĨƌĞĞŽĨE&^Ϳ͘ 
2.3.1.2.4.3 Butter flavors 
Technologies for the hydrolysis of butter fat to produce and 
concentrate the free fatty acids to enhance the butter flavor of products 
have been available for decades. More recently, biotechnologists have 
developed methods for producing a variety of fairly pure enzymes, 
economically and in large quantities. The increased availability of lipases 
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(glycerol ester hydrolases) from microbial sources has made it possible 
for researchers to employ the catalytic properties of these enzymes in 
innovative ways. One application in which the use of lipases has become 
well established is the production of lipolyzed flavors from feedstocks of 
natural origin. 
Immobilization of lipases on hydrophobic supports has the 
potential ƚŽ;ϭͿƉƌĞƐĞƌǀĞ͕ and in some cases, enhance the activity of 
lipases over their free counterparts; ;ϮͿŝŶĐƌĞĂƐĞƚŚĞŝƌƚŚĞƌŵĂůƐƚĂďŝůŝƚǇ͖
;ϯͿĂǀŽŝĚĐŽŶƚĂŵŝŶĂƟŽŶŽĨƚŚĞůŝƉĂƐĞŵŽĚŝĮĞĚ product with residual 
ĂĐƟǀŝƚǇ͖;ϰͿŝŶĐƌĞĂƐĞƐǇƐƚĞŵƉƌŽĚƵĐƟǀŝƚǇƉĞƌƵŶŝƚ of lipase employed; 
ĂŶĚ;ϱͿƉĞƌŵŝƚƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨĐŽŶƟŶƵŽƵƐƉƌŽĐĞƐƐĞƐ͘Ɛ the affinity 
of lipases for hydrophobic interfaces constitutes an essential element of 
the mechanism by which these enzymes act, a promising reactor 
configuration for the use of immobilized lipases consists of a bundle of 
hollow fibers made from a microporous hydrophobic polymer (Malacata 
et al͕͘ϭϵϵϮͿ͘ 
2.3.2 Decholesterolized milk fat  
/ŶƚŚĞϭϵϴϬƐ͕ƚŚĞƌĞǁĂƐa significant research and market activity 
in developing decholesterolized milkfat. All this activity was for nothing, 
for the hypothesis of creating a ‘‘healthier’’ fat (for butter or milk or 
other dairy product) was not sound. The nutrition community had long 
recognized that the link between dietary cholesterol and serum 
cholesterol was weak and that the ratio of total fat-saturated had a 
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greater impact on health. In addition, the FDA issued new standards in 
ϭϵϵϯ (Wood et al͕͘ϭϵϵϯͿ that effectively negated the value of 
decholestering milkfat. The new law required that, to be called low 
cholesterol, the fat must ĐŽŶƚĂŝŶŶŽŵŽƌĞƚŚĂŶϮŐ of saturated fat per 
serving. Butterfat is approximately ϲϱйƐĂƚƵƌĂƚĞĚ͘ƐƚŚĞƚĞĐŚŶŽůŽŐǇƚŽ
desaturate milkfat is not cost-effective, decholesterization has no 
economic value. 
Desaturated milk fat in addition to chemical and enzymatic means 
of desaturation, there have been extensive studies on feeding cows 
specific diets to change butterfat saturation as well as increasing the 
ratio of potentially desirable fatty acids (Middaugh et al͕͘ϭϵϴϴ͖ĂŶŬƐ
ĂŶĚŚƌŝƐƟĞ͕ϭϵϵϬ͖ĂŶŬƐ͕ϭϵϵϭͿ. In general, a good progress in the 
understanding rumen physiology, digestion and function has occurred, 
but economic potential remains unacceptable. The most promising 
technologies are the use of protected fats in a feeding regimen. These 
fats are protected in a way that they pass through the rumen (point of 
fat hydrogenation) into the remaining digestive system for absorption 
and subsequently into the mammary glands. Unsaturated fats that are 
fed to cows have a great opportunity to remain unsaturated as they are 
synthesized into milkfat. Biotechnology may offer alternatives in the 
modification of edible fats and milkfat. Research has led to new 
methods of lipolysis and esterification, but the developments are still at 
the laboratory level. Nevertheless, commercial application may emerge 
from these interesting areas of research. 
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2.3.3 Nutraceauticals and healthy fats 
Almost all dairy products tend to be excellent carriers of 
specialized nutrients (vitamins, minerals, specialized cultures and 
micronutrients), thus there is a potential for fortification to enhance the 
natural nutritive properties of dairy products, creating nutraceauticals 
or functional foods. The use of specialized cultures such as Lactobacillus 
acidophilus and Lactobacillus bifidus, which have generally recognized 
nutritive characteristics, is ideal for cultured butter. A butter spread 
product using these cultures (Fittisport) has been launched in the French 
market; another with lower fat content has been introduced in the 
German market (Comi et al͕͘ϭϵϵϬͿ͘In addition, it has been shown that 
the free fatty acids of milkfat have inhibitory effects against certain 
pathogens (e.g., Listeria monocytogenes) ;DĂŶŶ͕ϮϬϬϬͿ͘ 
A structured lipid-containing dairy fat is covered by a U.S. patent 
(Babayan et al͕͘ϭϵϵϬͿ͘ The invention relates to a trans-esterification 
product of a mixture of fatty acids and triglycerides, including milkfat, in 
the form of cream or butter as the main component. The product has 
nutritional applications and may also be used as an enteral or parenteral 
supplement. 
2.3.4 Non food applications 
The non food use of milkfat has been insignificant. Milkfat and 
milkfat fractions could, however, have some potential possibilities for 
profitable use, for example, in the manufacture of pharmaceutical or 
technochemical products. Land O’Lakes, in association with Amerchol, 
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has pioneered the use of milkfat fractions in cosmetics. The first 
product, called Cremoral, was launched ŝŶƚŽƚŚĞŵĂƌŬĞƚƉůĂĐĞŝŶϭϵϵϯ 
;<ŝŶƟƐŚ͕ϭϵϵϯͿ͘ The major factor that has stimulated renewed interest in 
using milkfat for technochemicals and other nonfood applications in the 
United States has been the significant decline in price, especially relative 
to alternative fats. 
It is doubtful if any single market for milkfat can be found that will 
compensate for the decrease in butter sales. Rather, it will be necessary 
to look for a large number of relatively small outlets. If this is to be 
done, the dairy industry must understand the detailed structure of 
milkfat and establish the functional properties of its constituent 
fractions. This approach has been applied with considerable success to 
the protein fraction of milk, it may be just as rewarding when applied to 
milkfat. 
2.3.5 Cream  
Cream is a milk product comparatively rich in fat, in the form of 
an emulsion of fat in skimmed milk, obtained by physical separation 
ĨƌŽŵŵŝůŬ;ŽĚĞǆůŝŵĞŶƚĂƌŝƵƐŽŵŵŝƐƐŝŽŶ͕ϮϬϬϯͿ͘ 
Butter is ŵĂŶƵĨĂĐƚƵƌĞĚĨƌŽŵĐƌĞĂŵ;ϯϬ-ϴϬ% fat) by phase inversion. 
Reviews on cream, cream processing and cream products have been 
ƉƵďůŝƐŚĞĚďǇdŽǁůĞƌ;ϭϵϵϰͿ͕Ăƌly (ϭϵϵϴ), Kessler (ϮϬϬϮ) and HoVman 
(ϮϬϬϯͿ͘dǁŽ/&ďƵůĞƟŶƐ;I&ϭϵϵϮ͕ϭϵϵϲͿĚĞĂůt with pasteurized and UHT 
cream.  
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Homogenization of cream results inevitably in the formation of a 
secondary fat globule membrance, consisting predominantly of micellar 
casein and denatured whey protein (Walstra et al͕͘ϭϵϵϵͿ͘ 
To obtain desirable product properties, the formation of the 
longer, thermally induced protein aggregates, and particularly, fat, 
protein complex must be avoided (Buchirein et al͕͘ϭϵϴϲͿ͘ 
The whippinŐƉĂƐƚĞƵƌŝǌĞĚĐƌĞĂŵĐŽŶƚĂŝŶŝŶŐϯϬйĨĂƚŝƐƉŽƐƐŝďůĞ
only after adequate cooling since the transformation of the original O/W 
emulsion into stable foam requires that part of the fat be solid. The 
initial stage of whipping involves stabilization of the trapped air bubbles 
by a temporary interfacial W/M of soluble whey protein. Whipping 
ĐƌĞĂŵĐŽŶƚĂŝŶŝŶŐĂďŽƵƚϯϬйĨĂƚ͕ƚŚĞĚĞƚĂŝůƐŽĨƚŚĞŝŶƚĞƌĂĐƟŽŶĂŶĚ
processing during whipping are described by Anderson et al ͘;ϭϵϴϳͿ͕
ŶĚĞƌƐŽŶĂŶĚƌŽŽŬĞƌ;ϭϵϴϴͿ͕ƵĐŚŚĞŝŵ;ϭϵϵϭͿ͕ƵĐŚŚĞŝŵĂŶĚĞũŵĞŬ
;ϭϵϵϳͿĂŶĚ^ŵŝƚŚet al ͘;ϭϵϵϵͿ͘ 
An important factor for physical stability of cream is the 
temperature of the cream during transport and storage. Even a brief 
ǁĂƌŵŝŶŐƚŽϯϬΣƐƵƉƉŽƌƚĐƌĞĂŵŝŶŐĚƵƌŝŶŐƐƵďƐĞƋƵĞŶƚƐƚŽƌĂŐĞĂƚϮϬΣ
and may lead to distinct thickening after a cooling before whipping. 
Continuous cooling during the whole self-life delays creaming, avoids 
destabilization phenomena and sensory changes, and result is increased 
ĨŽĂŵǀŽůƵŵĞ͕ďƵƚĂůŽŶŐĞƌǁŚŝƉƉŝŶŐƟŵĞ;,ŽǀŵĂŶŶ͕ϭϵϵϵͿ͘ 
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2.3.5.1 Cultured cream 
Cultured or sour(ed) cream and various applications are valuable 
additives for dishes, and in renewing sources and dressings. They are 
manufactured in many countries and their fat content ranges between 
ĨƌŽŵϭϬĂŶĚŵŽƌĞƚŚĂŶϰϬй͘dŚĞƉƌŽĚƵĐƟŽŶŝƐůĂƌŐĞůǇĞƋƵŝǀĂůĞŶƚƚŽƚŚĂƚ
ŽĨŽƚŚĞƌĨĞƌŵĞŶƚĞĚŵŝůŬƉƌŽĚƵĐƚƐ;WƵŚĂŶ͕ϭϵϴϴͿ͘dŚĞĨĂƚŐůŽďƵůĞƐ
participate directly in the following fermentation process and are 
ŝŶƚĞŐƌĂƚĞĚŝŶƚŽƚŚĞĚĞǀĞůŽƉĞĚŶĞƚǁŽƌŬ;ƵĐŚŚĞŝŵĂŶĚĞũŵĞŬ͕ϭϵϵϳͿ͘ 
2.3.5.2 Extended-life creams  
Extended-life creams are produced using normal separation 
techniques but involve a high temperature, single or double-heat 
treatment ;ϵϱ-ϭϮϭ°C) the temperatures employed render the product 
almost sterile, and any surviving bacteria tend to be spore forming 
types. Packaging is usually carried out on aseptic machines or non 
aseptic machines modified with, for example, HϮOϮ spray and ultraviolet 
lights ;,ĞƫŶŐĂ͕ϭϵϵϭͿ͘ 
2.3.5.3 Short-life creams 
For short-life creams, the shelf life depends on low bacteriological 
count milk with good plant hygiene. Heat treatment tends to be ϳϱ-ϵϬ°C 
ĨŽƌϯ-ϯϬƐ͕ĨŽůŽǁĞĚďǇĐŽŽůŝŶŐƚŽďĞůŽǁϭϬΣ͘&ŝŶĂůĐŽŽůŝŶŐƚŽďĞůŽǁϱΣŝƐ
normally carried out in aging tanks or in the retail container in the cold 
store. And the sŚĞůĨůŝĨĞĐĂŶďĞƵƉƚŽϭϮĚĂǇƐ;,ĞƫŶŐĂ͕ϭϵϵϭ). 
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2.3.5.4 Ultrahigh temperature creams 
Heat treatment for ultrahigh temperature (UHT) creams is 
produced by inĚŝƌĞĐƚŽƌĚŝƌĞĐƚŚĞĂƟŶŐƚŽϭϯϱ-ϭϰϬ°C for ϭ-ϰƐ before 
cooling to ambient temperature with despotic packaging. As this 
product is ĚĞƐŝŐŶĞĚĨŽƌůŽŶŐƐŚĞůĨůŝĨĞ;ϯ-ϰŵŽŶƚŚƐͿ͕ĨŽƌŵĂƟŽŶŽĨĂ
cream plug or fat rise in the container must be avoided. Hence, all UHT 
creams, including whipping cream, must be homogenized, and 
homogenization can be carried out either upstream or downstream. If 
carried out downstream, an aseptic homogenizer must be employed 
;,ĞƫŶŐĂ͕ϭϵϵϭͿ͘ 
2.3.6 Anhydrous milk fat (AMF) 
Anhydrous butteroil, anhydrous butterfat, and anhydrous milk fat 
(AMF) can all be used interchangeably to describe the product that 
consists of highly concentrated milk fat from either butter or cream 
(Webb and WŚŝƫĞƌ͕ϭϵϳϬ͖ĂƌŝĐ͕ϭϵϵϰ). This product is relied upon 
heavily in hot climates due to its extended shelf life compared to butter 
as well as in chocolate manufacture, processed foods, ice cream and 
baby ĨŽŽĚ;ĂƌŝĐ͕ϭϵϵϰͿ͘dŚĞ/ŶƚĞƌŶĂƟŽŶĂůĂŝƌǇ&ĞĚĞƌĂƟŽŶŝƐ
responsible for the quality standards for milkfat composition (Caric, 
ϭϵϵϰͿ͘dŚĞŵŝůŬĨĂƚĐŽŶƚĞŶƚŽĨD&ŵƵƐƚ ďĞĂƚůĞĂƐƚϵϵ͘ϴй͕and it must 
ĐŽŶƚĂŝŶŶŽŵŽƌĞƚŚĂŶϬ͘ϭйŵŽŝƐƚƵƌĞ͕ĂŶĚϬ͘ϯйĨƌĞĞĨĂƩǇ acids 
expressed as oleic acid (tŚŝƫĞƌ͕ϭϵϳϬ͖ĂƌŝĐ͕ϭϵϵϰ). In addition, there 
are strict standards for copper, iron, peroxide value, neutralizing agents 
and ŵŝĐƌŽŽƌŐĂŶŝƐŵƐ;ĂƌŝĐ͕ϭϵϵϰͿ͘/ĨƚŚĞĐƌeam is well pasteurized and 
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properly cooled, rancidity can be prevented. Off-flavors from oxidation 
can be avoided by excluding copper, iron, light and air from the product 
(Boudreau and Saint-ŵĂŶƚ͕ϭϵϴϱͿ͘ 
Anhydrous butteroil and AMF are made via two different 
processes. Anhydrous butteroil is made from butter that has been 
melted back down into oil (tŚŝƫĞƌ͕ϭϵϳϬ͖ĂƌŝĐ͕ϭϵϵϰ͖tĂůƐƚƌĂ͕et al., 
ϭϵϵϵ). After the butter is melted (salted butter is washed and overly 
acidic butter is neutralized), it is further heated. Afterward, it goes into a 
holding tank to further separate the fat, remove air, and agglomerate 
the proteins (Boudreau and Saint-ŵĂŶƚ͕ϭϵϴϱ͖ĂƌŝĐ͕ϭϵϵϰͿ͘ separator 
is employed to remove the water phase and vacuum drying is used to 
reduce the water content even further, the milkfat (butter oil) is then 
ĐŽŽůĞĚ;ĂƌŝĐ͕ϭϵϵϰͿ͘ 
Another method to make AMF is a process that begins with whole 
milk which is pasteurized and then sent to a machine called the 
cenƚƌŝĨĂǆƚŽƌ;ĂƌŝĐ͕ϭϵϵϰͿ͘dŚĞĐentrifixator is used commercially to 
centrifuge the milk to concentrate it frŽŵϯϱ-ϰϱйĐƌĞĂŵƚŽϴϬ-ϴϱй
cream, as well as homogenization ŝƚ;tŚŝƫĞƌ͕ϭϵϳϬͿ͘/ŶƚŚŝƐƐƚĞƉ͕ the 
cream is heated further and the fat globules are interrupted 
mechanically (Caric, ϭϵϵϰ͖DouglĂƐ͕ϮϬϬϰͿ͘ƐĞƌƌĂƚĞĚĚŝƐĐƚŚĂƚ
homogenizes the milk also breaks the fat globules down and inverts the 
emulsion (tŚŝƫĞƌ͕ϭϵϳϬ; ĂƌŝĐ͕ϭϵϵϰ). This is done at high 
temperatures, in order to create droplets of oil instead of butter 
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granules ;tŚŝƫĞƌ͕ϭϵϳϬͿ. The liquid oil leaves the machine with drops 
of water and buttermilk dispersed in it and as a result, the fat must be 
concentrated in a solid ejecting ƐĞƉĂƌĂƚŽƌ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞD&ŝƐ
often vacuum-dried to drive the remaining water content to less than 
Ϭ͘ϭйĂŶĚƌĞmove some of the oxygen present, and the process serves to 
increase the shelf life (Walstra et al͕͘ϭϵϵϵͿ͘ 
The fatty acids in AMF can be modified into sucrose polyesters 
(SPE), which are formed via the hydrolysis of triglycerides and the 
attachment of six to eight fatty acids to the hydroxyl groups of a sucrose 
molecule (Drake et al͕͘ϭϵϵϰͿ. SPEs with a wide range of physical 
properties can be produced since milk fat has a wide range of properties 
ĂŶĚƚǇƉĞƐŽĨĨĂƩǇĂĐŝĚƐ;<ĂǇůĞŐŝĂŶ͕ϭϵϵϱͿ͘^PEs are not digested and can 
potentially be used as fat substitutes because they maintain the desired 
textural and flavor qualities of full caloric fats (Drake et al͕͘ϭϵϵϰͿ͘ 
2.3.7 Milk fat fractions 
Milk fat fractionation techniques have the potential to enhance 
desirable characteristics in milk fat products (Hartel and Kaylegian, 
ϮϬϬϭ͖ƌƵŚŶ͕ϮϬϬϰ). Fractionation involves separation based on the 
physical or chemical properties of the natural milk fat components 
present. Using separation, desirable properties can be isolated, and as a 
result value-added ingredients can be obtained from lesser quality ones 
;,ĂƌƚĞůĂŶĚ<ĂǇůĞŐŝĂŶ͕ϮϬϬϭͿ͘dŚĞĐŽŵƉŽƐŝƟŽŶĂŶĚƉƌŽƉĞƌƟĞƐŽĨƚŚĞ
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fractions (fatty acid composition, melting point) depend on the makeup 
of the original milkfat ;^ŚƵŬůĂ͕ϭϵϵϱͿ͘ 
Milkfat is fractionated based on some of its inherent physical 
properties such as crystallization, solubility and volatility (Kaylegian and 
>ŝŶĚƐĞǇ͕ϭϵϵϱͿ͘^ĞǀĞƌĂů fractionation methods have been used to 
separate milkfat. Crystallization is attractive for milkfat fractionation 
because milkfat contains a wide range of components which encompass 
a large melting point span. Milk fat is composed of three main parts in 
regards to melting ͗;ϭͿ the long-chain fatty acids (high molecular weight) 
which ŵĞůƚĂƚĂƚĞŵƉĞƌĂƚƵƌĞĂƌŽƵŶĚϱϬºC and compose of ŽŶůǇϱ-ϭϬйŽĨ
the fat present, constitute the high-melting fraction (HMF) (Sherbon and 
ŽůďǇ͕ϭϵϳϯ͖ĂƌďĂŶŽĂŶĚ^ŚĞƌďŽŶ͕ϭϵϳϱ͖Hartel and <ĂǇůĞŐŝĂŶ͕ϮϬϬϭ), 
;ϮͿƚhe middle-melting fraction (MMF) has a melting point between 
ϯϱºĂŶĚϰϬºĂŶĚŵĂŬĞƐƵƉĂƉƉƌŽǆŝŵĂƚĞůǇϮϱйŽĨƚŚĞĨĂƚ composition, 
;ϯͿĨĂƩǇĂĐŝĚƐ composed of two short chain or cis-unsaturated fatty 
acids and one saturated fatty acid, have a melting point of less than 
ϭϱºC. This low-melting fraction ‘LMF’ makes up the bulk of the fat 
composition ‘ϲϱ-ϳϬй’ ;,ĂƌƚĞůĂŶĚ<ĂǇůĞŐŝĂŶ͕ϮϬϬϭͿ͘ 
Crystallization separation is very commonly used for butter 
(Hartel and <ĂǇůĞŐŝĂŶ͕ϮϬϬϭͿ͘&ƌĂĐƟŽŶĂƟŽŶŝƐĞǆƚƌĞŵĞůǇĚĞƐŝƌĂďůĞ
because it can be used to enhance the spreadability of butter. Butter 
with higher amounts of short and medium chain fatty acids can be 
separated via distillation method of fractionation. This modified fatty 
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acid composition utilizes the LMF of the milkfat to make the butter 
more spreadabůĞ;ƌƵŚŶ͕ϮϬϬϰͿ͘ŶŽƚŚĞƌĂĚǀĂŶƚĂŐĞƚŽĨƌĂĐƟŽŶĂƟŽŶŝƐ
the potential to blend fractions and create an expansive range of 
products that are extremely uniform in their properties (Deffense, 
ϭϵϵϯͿ. 
One method of fractionation, known as the Alfa-Laval process, is 
used to create a softer more spreadable butter product. It is a relatively 
simple separation based on melting point of fat crystals. Butterfat is 
heated and then cooled slowly. The fat that melts at the highest 
temperature settles to the bottom and the low temperature melting fat 
ĐĂŶďĞƐĞƉĂƌĂƚĞĚ;<ŝŶŐ͕ϭϵϳϰͿ͘dŚĞƐŽůŝĚĨĂƚƚŚĂƚƐĞƩůĞƐŽƵƚ still contains 
a small amount of liquid fat between the crystals or adhered to their 
ƐƵƌĨĂĐĞ;<ĂǇůĞŐŝĂŶ͕ϭϵϵϱͿ͘ZĞ-fractionation can be used to obtain 
additional liquid fat because more of the lower melting liquid fat is 
removed, the remaining solid portion will be highly functional (Sherbon 
et al͕͘ϭϵϳϮ; <ĂǇůĞŐŝĂŶ͕ϭϵϵϱ). 
While the LMF is utilized in butter applications, the HMF is beneficial 
to other products. Chocolate that contains HMF of milk fat is less likely to 
exhibit chocolate bloom than chocolate that contains regular milk fat 
;>ŽŚŵĂŶĂŶĚ,ĂƌƚĞů͕ϭϵϵϰͿ͘dŚĞƵƐĞŽĨƚŚĞ,D&ŵĂǇĂůƐŽĚŝƐĐŽƵƌĂŐĞ
softening of the chocolate due to a greater compatibility between the 
cocoa butter and the HMF. When used in pastries, butter with high levels 
of HMF creates flaky pastries by providing a solid and brittle structure that 
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allows the laǇĞƌƐƚŽŚŽůĚƵƉ;ĞīĞŶƐĞ͕ϭϵϵϯ͖EŽƌ,ĂǇĂƟ et al͕͘ϮϬϬϮͿ͘
Normal butter is too weak at high temperatures to resist the forces in the 
ĚŽƵŐŚĂŶĚǁŝůĐŽůĂƉƐĞƵŶĚĞƌƚŚĞĨŽƌĐĞƐŽĨƚŚĞŐůƵƚĞŶ;^ŚƵŬůĂ͕ϭϵϵϱͿ͘ 
High-melting fractions (HMFs) of milk fat also have other potential 
uses. Shellhammer and Krochta (ϭϵϵϳͿƚĞƐƚĞĚthe use of HMFs in edible 
films and found flat a mixture that is highly crystalline is a better barrier 
to water because water transport is slower through this matrix. Because 
higher-melting fractions have a higher solid to liquid fat ratio, they will 
be less permeable to water vapor. Potentially, these types of coatings 
could be used to improve shelf-life and reduce the need for polymeric 
packaging ;^ŚĞůŚĂŵŵĞƌĂŶĚ<ƌŽĐŚƚĂ͕ϭϵϵϳͿ͘ 
Monoglycerides, a commonly used emulsifier, and diglycerides 
are two more examples of the application of milkfat fractionation 
technology. Mono and diglycerides are produced by a reaction called 
lipid-catalyzed glycerolysis. In addition to emulsifying properties, mono 
and diglycerides also impart flavor characteristics to foods (Kaylegian, 
ϭϵϵϱͿ͘ 
2.4 Butter making (butter manufacture) 
Butter is defined as a water-in-oil (w/o) emulsion composed of 
ŵŽƌĞƚŚĂŶϴϬйŵŝůŬĨĂƚďƵƚĂůƐŽĐŽŶƚĂŝŶƐĂǁĂƚĞƌŝŶƚŚĞĨŽƌŵŽĨƟŶǇ
droplets, perhaps some milk solids not fat, with or without salt (sweet 
butter); and the texture is a result of working/kneading during process 
at appropriate temperatures so as to establish a fat crystalline network 
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that results in desired smoothness and the butter is used as a spread, 
cooking fat, or a baking ingredient. 
The butter process consist of three steps: ripening, churning and 
working with washing. The complete explanation of butter process has 
ďĞĞŶďƌŽĂĚůǇĚĞƚĂŝůĞĚďǇDƵůĚĞƌĂŶĚtĂůƐƚƌĂ;ϭϵϳϰͿ͕ǀĞƌƐ;ϮϬϬϰͿĂŶĚ
&ƵŶĂŚĂƐŚŝĂŶĚ,ŽƌŝƵĐŚŝ;ϮϬϬϴͿ͘ 
Butter is made from a sweet or cultured cream which is converted 
to water-in-oil (W/O) emulsion where fat forms the continuous phase 
;<ĞƐƐůĞƌ͕ϮϬϬϮͿ͘ 
The art of concentrating milk fat to make butter goes back to as 
ĞĂƌůǇĂƐϮϬϬϬ͘dŚŽƵŐŚůŝƩůĞŝƐŬŶŽǁŶĂďŽƵƚƚĞĐŚŶŝƋƵĞƐƵƐĞĚŝŶ
ancient times, the evidence exists that Arabs and Syrians used a crude 
ĐŚƵƌŶŵĂĚĞŽĨŐŽĂƚƐŬŝŶ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞƉƌĞƐĞƌǀĂƟŽŶƚĞĐŚŶŝƋƵĞŽĨ
making butter was practiced in household having milk producing animal, 
which made it a luxury. Ancient Romans used it in open wounds and 
ĂƉƉůŝĞĚŝƚƚŽƚŚĞŝƌĨĂĐĞƐĂƐƐŬŝŶƚƌĞĂƚŵĞŶƚ;ŽĂƌĚ͕ϮϬϬϰͿ͘ 
While the exact events during churning which destabilize the 
liquid phase emulsion and cause the fat to coat ease are unknown, a 
theory known as “auto flotation” is commonly cited (Webb et al., ϭϵϳϰ͖
ƌƵŚŶ͕ϮϬϬϰͿ͘dŚĞƚŚĞŽƌǇƐƚĂƚĞƐƚŚĂƚĂƐƚŚĞĐƌĞĂŵŝƐĐŚƵƌŶĞĚ͕ƐŵĂůĂŝƌ
bubbles become integrated into some of the fat globules, which have 
been burst by the agitation, begin together in small groups surrounding 
liquid fat that has been exuded by the burst fat globules (Webb et al., 
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ϭϵϳϰ͖tĂůƐƚƌĂ͕et al͕͘ϭϵϵϵ͖ƌƵŚŶ͕ϮϬϬϰͿ͘dŚŝƐƉƌŽĐĞƐƐƌĞǀĞƌƐĞƐƚŚĞ
natural emulsion in the milk to butter which consists of fine water 
droplets dispersed in an oil continuous phase. 
2.4.1 Cream separation  
The most basic and oldest processing method is cream 
separation. Ancient people are known to have used milk freely, and it is 
probable that they used the cream that rose to the top of milk held for 
some time in containers; although there is little in ancient literature to 
suggest that such use was common. It is well established that, in early 
times, butter was produced by churning milk. 
The principal questions concerning separation in a butter 
manufacturing facility are the choice of cream fat content and the 
choice of the separation technique, milk separation before or after 
pasteurization, temperature of separation and regulation of the fat 
content. Separation of cream from milk is possible because of a 
difference in specific gravity between the fat and the liquid portion, or 
serum, whether separation is accomplished by gravity or centrifugal 
methods, the result depends on this difference (Oakenfful and Sidhu, 
ϭϵϵϬͿ͘ 
A modern dairy separator will separate virtually all fat globules 
ůĂƌŐĞƌƚŚĂŶϬ͘ϴђŵ͕ĂŶĚďĞĐĂƵƐĞŵŽƐƚŽĨthe milkfat is present in the 
form of such globules, it is relatively easy to separate the bulk of the 
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ŵŝůŬĨĂƚ͘&ĂƚŐůŽďƵůĞƐďĞůŽǁϬ͘ϴђŵĂƌĞŐĞŶĞƌĂůǇƌĞĨĞƌƌĞĚƚŽĂƐŶŽŶ
ƐĞƉĂƌĂďůĞŐůŽďƵůĞƐ;,ĞƫŶŐĂϭϵϵϭͿ͘ 
The percentage of fat in the cream must be known and 
controlled. Knowledge of the fat content assists in yield estimations for 
operational conditions in continuous manufacture. A number of 
satisfactory analytical procedures are available, with the Babcock test 
being the most common. 
The chemical composition of the triglycerides, which make up 
milk fat, varies throughout the year, depending on the stage of lactation 
and the cow’s diet. The seasonal variation causes a cyclic change in the 
melting properties of the fat. In the control of the butter making process 
and the finished butter, this factor must be monitored. The term melting 
property is used rather than softness or hardness, because these more 
correctly refer to altogether different attributes of solids. A number of 
procedures have been used to follow the seasonal change in the melting 
properties. The iodine number, refractive index, differential scanning 
calorimetry, or pulsed nuclear magnetic resonance spectroscopy can be 
used to prepare a melting curve. However, the expense and complexity 
of these melting curve techniques precludes this approach in most 
quality-ĐŽŶƚƌŽůƐŝƚƵĂƟŽŶƐ;ŝǆŽŶ͕ϭϵϴϲͿ͘dŚĞƚƌĂĚŝƟŽŶĂůĐŚĞŵŝĐĂů
determinations for fat, saponification value, and Polenske value are of 
limited value, since they are scarcely relevant for quality control, and 
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the information they provide can be more usefully quantified by the 
determination of the fatty acid profile using gas chromatography. 
Today, the use of stainless steel has essentially eliminated the 
exposure of fat to copper and iron. The presence of copper and, to a 
lesser extent, iron can catalyze oxidative deterioration of butter during 
storage particularly in the presence of salt and a low pH. 
2.4.2 Crystallization of fat 
The crystal structure of fat and the resulting physical properties of 
butter made by both conventional and alternative processes have 
received a considerable study. When churned conventionally or by the 
continuous process for butter manufacture, most of the milk fat is 
contained within the fat globule in cream during the cooling and 
crystallization process. The fat globule provides a natural limit to the 
growth of fat crystals. Cooling and holding of cream is normally carried 
out overnight, and thus, sufficient time exists for the crystallization 
process to approach equilibrŝƵŵ;<ŝŵĞŶĂŝ͕ϭϵϴϲͿ͘ 
The principles of crystallization of plastic fats in the type of 
equipment used for margarine manufacture have been described 
;tŝĞĚĞƌŵĂŶŶ͕ϭϵϳϴͿ͘/ƚŝƐŝŵƉŽƌƚĂŶƚĨŽƌƚŚĞďƵƩĞƌƚŽĚĞǀĞůŽƉƐŵĂůĨĂƚ
crystals that remain substantially discrete and do not form a strong 
ŝŶƚĞƌůŽĐŬŝŶŐƐƚƌƵĐƚƵƌĞ͘^ŵĂůĐƌǇƐƚĂůƐ;Ğ͘Ő͕͘ϱђŵĚŝĂŵĞƚĞƌͿŚĂǀĞĂŐƌĞĂƚĞƌ
total surface area than large crystals and will bind water and free liquid 
ĨĂƚďǇĂĚƐŽƌƉƟŽŶŵŽƌĞĞīĞĐƟǀĞůǇ;<ŝŵĞŶĂŝ͕ϭϵϴϲͿ͘>ĂƌŐĞĐƌǇƐƚĂůƐŝŵƉĂƌƚ
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a gritty texture to the product. When fats are cooled rapidly in a 
scraped-surface heat exchanger, fat crystallization commences, but the 
fat is substantially supercooled on exiting. If crystallization is then 
permitted to continue under quresting conditions, crystals will grow 
together and form a lattice structure. The product will thus be hard and 
brittle and may tend to leak moisture. If, however, crystallization is 
ƉĞƌŵŝƩĞĚƚŽŽĐĐƵƌƵŶĚĞƌĂŐŝƚĂƚĞĚĐŽŶĚŝƟŽŶƐ;Ğ͘Ő͕͘ĨŽƌϭ-ϯŵŝŶŝŶĂƉŝŶ
worker), the formation of small independent crystals will be favored and 
the product will have a fine smooth texture. If crystallization under 
agitated conditions is per-mitted to continue for too soft for most 
patting or bulk filling operations, it is likely to be too soft and greasy at 
warm room temperatures. 
2.4.3 Neutralization of cream 
When lactic acid has developed in the raw, unpasteurized cream 
by microbial activity to a degree considered excessive, neutralizer may 
be added to return the cream acidity to a desirable level. Sodium 
carbonates have been found suitable in practice for batch 
neutralization. Which for continuous neutralization, sodium hydroxide is 
ŵŽƌĞƐƵŝƚĂďůĞ;^ŚĂŚŝĚŝ͕ϮϬϬϱͿ͘ 
2.4.4 Heat treatment of cream 
The heat treatment of cream plays a decisive role in the butter-
manufacturing process and the eventual quality of the butter. It is 
important that milk and cream be handled in the gentlest possible way 
to avoid mechanical damage to the fat, it is a serious problem in 
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continuous manufacture of butter (SĐŚǁĞŝǌĞƌ͕ϭϵϴϲ). Cream is 
pasteurized or heat treated to destroy pathogenic micro-organisms and 
reduce the number of bacteria, to inactivate enzymes, to liquify the fat 
for subsequent control of crystallization, and to provide partial 
elimination of undesirable volatile flavors (Mannan et al͕͘ϭϵϴϯͿ͘ 
2.4.5 Traditional buttermaking  
Most traditional methods of milk processing generally of low yield 
of final product of milk and require high labour input. In addition, the 
final products are inferior and of low stability. An important factor at 
traditional farmer level is the availability of small scale processing 
techniques for manufacture of high quality dairy products with good 
ƐƚŽƌĂŐĞĐŚĂƌĂĐƚĞƌŝƐƟĐƐ;KΖDĂŚŽŶǇĂŶĚWĞƚĞƌƐ͕ϭϵϴϳͿ͘&ĞƌŵĞŶƚĂƟŽŶŝƐ
one of the oldest food processing technologies in the world, which has 
been adopted across generations (Kebede et al͕͘ϮϬϬϳͿ͘KŶĞŽĨƚŚĞ
products resulting from spontaneous fermentation and rich in fat is 
locally called traditional butter or Zebdabeldi and this traditional butter 
is widely produced and consumed and is still popular product. Churning 
is the most important step for butter making, during which the oil-in-
water emulsion is broken, leading to aqueous phase separation and 
formation of water-in-oil emulsion (RŽƵƐƐĞĂƵ͕ϮϬϬϬͿ͘ 
Despite the application of preventive measures during its 
production and distribution, traditional butter has a limited shelf-life. 
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Butter oil “called Samin” is obtained by heating traditional butter and 
separating fat “butter oil” from milŬƐĞƌƵŵ;KǌŬĂŶůŝĂŶĚ<ĂǇĂ͕ϮϬϬϱͿ͘ 
Deterioration (oxidation), i.e. the onset of rancidity in butter, may be 
usually due to oxidation of unsaturated glycerides resulting in increased 
level of free fatly acids (JŽƐŚŝĂŶĚdŚĂŬĂƌ͕ϭϵϵϰ; DƵŝƌ͕ϭϵϵϲͿ͘DŽƐƚŽĨƚŚĞ 
knowledge about the traditional fermentation has not been documented, 
thus, it is in danger of being lost since technologies are evolving and 
families are forgetting about the traditional food preservation practices 
(Walshe et al͕͘ϭϵϵϭͿ͘ 
The quality of stored butter is governed by such factors as cream 
ripening, the manufacturing process, good hygienic practice (GHP) 
during processing and handling, the storage temperature, and the type 
of animal feeding (Fearon et al͕͘ϭϵϵϴͿ͘ 
 In the traditional method, raw milk is left at room temperature 
;ϮϱцϮǑͿƵŶƟůĐŽĂŐƵůĂƟŽŶƚĂŬĞƐƉůĂĐĞĂŌĞƌϭϴŚ͘ƵƌŝŶŐƚŚĞŐĞůĂƟŽŶ
step, the product is called laban raybe”. By churning, the raybe is 
separated into an aqueous fraction (protein, lactose, mineral) giving 
“Roub” and fat fraction which is called low butter “Zebda beldi”. 
Traditionally churning takes place in goat skin bag called “Siin” which is 
manufactured from a goat in one piece and the churning is achieved 
after hanging the “Siin” which is filled with “Roub” and vigorously 
shaked back and forth till the coalescence of the fat butter globules, the 
end of churning is discerned by the sound of the butter lumps when 
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ƐŚĂŬŝŶŐ͕ϭϬй;ǀͬǀͿŽĨǁĂƌŵǁĂƚĞƌ;ϰϬǑͿŝƐĂĚĚĞĚƚŽǁĂƌĚƐƚŚĞ
beginning of the churning period to enhance the coalescing in the fat 
globules and, thus, to increase the yield of butter ‘Zebda beldi’ (Samet 
et al͕͘ϮϬϬϴͿ͘ 
2.4.6 Batch butter manufacture  
The butter making process, by batch or continuous method, 
consists of the following steps: (i) preparation of the cream, with or 
without ripening; (ii) destabilisation and breakdown of the O/W 
emulsion; (iii) formation of stable W/O emulsion; (V) packaging; (vi) 
ƐƚŽƌĂŐĞĂŶĚĚŝƐƚƌŝďƵƟŽŶŽĨƚŚĞƉƌŽĚƵĐƚ;tŝůďĞǇ͕ϭϵϵϰͿ͘ 
For centuries buttermaking was done in batch processes which 
ŝŶǀŽůǀĞĚƚŚĞĐŚƵƌŶŝŶŐŽĨϯϬ-ϯϯйŵŝůŬĨĂƚĐƌĞĂŵŝŶǁŽŽĚĞŶŽƌŵĞƚĂů
churns (Webb et al͕͘ϭϵϳϰͿ͘ƌĞĂŵŝƐĮƌƐƚƉĂƐƚĞƵƌŝǌĞĚƚŽϵϱºC to 
denature enzymes and kill pathogenic and/or spoilage, or un-desirable 
off-flavors producing organisms (Douglas ͕ϮϬϬϰͿ͘ 
Today, batch processing is not used to any extent for the 
production of large quantities of butter. Batch systems are still 
encountered in small butter plants, primarily in less industrially 
developed countries. Continuous systems are more efficient and cost-
effective for large outputs. 
The processing of cream by a batch churn requires filling to 
ĂƉƉƌŽǆŝŵĂƚĞůǇϯϬ-ϱϬйĐĂƉĂĐŝƚǇĂƚĂĐƌĞĂŵƚĞŵƉĞƌĂƚƵƌĞŽĨϰ͘ϰ-ϭϮ͘ϴǑ͘
Cream temperature varies depending on the season, the butter 
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characteristics desired ĂŶĚƚŚĞĚĞƐŝƌĞĚƌĂƚĞŽĨĨĂƚŝŶǀĞƌƐŝŽŶ;&ŝŐ͘Ϯ͘ϯͿ͘
ŚƵƌŶŝŶŐŝƐĂĐĐŽŵƉůŝƐŚĞĚďǇƌŽƚĂƟŽŶŽĨƚŚĞĐŚƵƌŶĂƚĂƉƉƌŽǆŝŵĂƚĞůǇϯϱ
rpm until small butter granules appear. The processes usually requires 
ĂďŽƵƚϰϱŵŝŶƵƚĞƐĨŽƌĐŽĂůĞƐĐĞŶĐĞŽĨƚŚĞĨĂƚŐůŽďƵůĞƐĂŶĚĐůĞĂŶ
separation of the buttermilk so that it can be drained. The granules may 
be washed with cold water to remove surface buttermilk. Salt is then 
added with water if standardization of the fat content is required. The 
butter is worked to ensure uniformity and desirable body and texture 
characteristics and the rate of fat inversion. 
In some European countries, a starter culture is added so 
desirable acid levels and flavors can be achieved. Regardless, pre-
crystallization or ripening of the butterfat is necessary prior to the 
churning process. In this aging step, the cream is exposed to a cooling 
process that gives it the desired crystalline structure. Without aging, 
excessive fat loss in the buttermilk occurs because too little solid fat is 
formed (Walstra et al., ϭϵϵϵͿ͘ŌĞƌϭϮ-ϭϱŚŽƵƌƐŝŶƚŚĞĂŐŝŶŐƚĂŶŬ͕ƚŚĞ
ĐƌĞĂŵŝƐƉƵŵƉĞĚƚŽĂĐŚƵƌŶ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞĂŐŝƚĂƟŽŶǁŚŝƉƐĂŝƌŝŶƚŽ
the liquid and creates butter grains, which increase in size throughout 
the churning process. Eventually, clumps of butter are formed with the 
remaining liquid being buttermilk which is drained off and the result is 
water-in-oil emulsion. 
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ϲ͕ǀĂĐƵƵŵǁŽƌŬŝŶŐƐĞĐƟŽŶ͖ϳ͕ĮŶĂůǁŽƌŬŝŶŐƐƚĂŐĞ͖ĂŶĚϴ͕ŵŽŝƐƚƵƌĞ-
control unit. 
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Washing the butter granules is one way to control the firmness 
of the butter and this is done with smaller butter grains and results in 
reduced dry matter content of the butter (Walstra et al͕͘ϭϵϵϵͿ͘&ƌŽŵ
ƚŚŝƐƉŽŝŶƚ͕ƐĂůƚŝƐĂĚĚĞĚ;ĨŽƌƐĂůƚĞĚďƵƩĞƌͿĂƚϭ-ϯй;ǁͬǀͿĂŶĚƚŚĞ
product is worked to ensure even distribution of the salts (Douglas, 
ϮϬϬϰͿ͘tŽƌŬŝŶŐŵĂŬĞƐƚŚĞďƵƩĞƌ into a continuous mass and finely 
disperses the small amount of water present throughout it, and this 
can be achieved by passing the butter through rollers or a fall from a 
height (Walstra et al͕͘ϭϵϵϵͿ͘tŽƌŬŝŶŐĂůƐŽŝŶŇƵĞŶĐĞƐƚŚĞƉƌŽƉĞƌƟĞƐ
upon which butter is graded-aroma, taste, shelf-life stability, 
ĂƉƉĞĂƌĂŶĐĞĂŶĚĐŽůŽƌ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘ƵƌŝŶŐƚŚĞǁŽƌŬŝŶŐƐƚĞƉ͕
additional water may be added to meet the industry standard of 
identity (Walstra et al͕͘ϭϵϵϵͿ͘&ŽƌŵƚŚŝƐƉŽŝŶƚ͕ƚŚĞďƵƩĞƌŝƐƉĂĐŬĂŐĞĚ
and cooled, the milk fat crystallizes and makes the product more 
ĮƌŵƐ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘DŝůŬĨĂƚŚĂƌĚĞŶƐƐůŽǁĞƌƚŚĂŶŽƚŚĞƌĨĂƚƐ
because it contains such a variety of fatty acids (Van Aken and Visser, 
ϮϬϬϬͿ͘ 
2.4.7 Continuous butter manufacture  
ĞƚǁĞĞŶϭϵϯϬĂŶĚϭϵϲϬ͕ĂŶƵŵďĞƌŽĨĐŽŶƟŶƵŽƵƐƉƌŽĐĞƐƐes were 
developed. In-Laval, New Way, and Meleshin processes, phase inversion 
takes place during or immediately after concentration, producing a 
liquid identical to melted butter, before cooling and working. The Alfa-
Laval and new way processes were commercially unsuccessful. The 
Meleshin process, however, was adopted successfully in the former 
U.S.S.R. The Cherry-Burrell Gold’n Flow process appears to have been 
the more successful of the two American processes (Kimenai, ϭϵϴϲͿ͘ 
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The Fritz continuous buttermaking process, which is based on 
the same principles as traditional batch churning, is now the pre-
dominant process for butter manufacture in most butter-producing 
countries. In the churning process, crystallization of milkfat is carried 
out in the cream, with phase inversion and milkfat concentration 
taking place during the churning steps. However, because of the 
discovery of the fact that cream could be concentrated to a fat 
content equal to or greater than that of butter, methods have been 
sought for converting the concentrated or plastic cream directly into 
butter. Such methods would carry out the principal butter making 
steps essentially in reverse order, with concentration of cream in a 
centrifugal separator, followed by a phase inversion, cooling and 
crystallizing of the milkfat (Mc ŽǁĂů͕ϭϵϱϯͿ͘ 
Increased demands on the keeping qualities of butter require 
careful construction, operation, and cleaning of the milk and cream-
processing equipment, as well as research to develop machines that 
will ensure butter production and packing under conditions without 
contamination and air admixture. It has been demonstrated that 
butter produced under closed conditions has a better keeping quality 
than butter produced in open systĞŵƐ;&ƌŝƐ͕ϭϵϴϮͿ͘ 
There are two classes of continuous processes in use: one 
ƵƐŝŶŐϰϬйĐƌĞĂŵ͕ƐƵĐŚĂƐƚŚĞ&ƌŝƚǌƉƌŽĐĞƐƐ;&ŝŐƵƌĞϮ͘ϰͿĂŶĚƚŚĞŽƚŚĞƌ
ƵƐŝŶŐϴϬйĐƌĞĂŵ͕ƐƵĐŚĂƐƚŚĞŚĞƌƌǇ-Burrell Gold’n Flow (Bulletin G 
ϰϵϯͿ͘ƐŵƵĐŚĂƐϴϱйŽĨƚŚĞďƵƩĞƌŝŶ&ƌĂnce is made by the Fritz 
ƉƌŽĐĞƐƐ͘/ŶƚŚŝƐƉƌŽĐĞƐƐ͕ϰϬйĨĂƚĐƌĞĂŵŝƐĐŚƵƌŶĞĚĂƐŝƚƉĂƐƐĞƐ
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through a cylindrical beater in matter of seconds. The butter granules 
are fed through an auger where the buttermilk is drained and the 
product is squeeze
through a second working stage where brine and water are injected 
to standardize the moisture and salt content. As a result of the 
efficient draining of the buttermilk, this process is suitable for the 
addition of lactic acid bacteria cultures at this point. The process then 
became known as the NIZO method when the lactic starter is 
injected. Advantages of the NIZO method over traditional culturing 
are improved flavor development, improved acid values as a result of 
lower pH, more flexible temperature treatment of the cream because 
culturing and tempering often are accomplished concurrently, and 
most important, production of sweet cream buttermilk (Kimenai, 
ϭϵϴϲͿ͘ 
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-dried to low-moisture content. It then passes 
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&ŝŐ͘;Ϯ͘ϰͿ͗^ĐŚĞŵĂƟĐĚŝĂŐƌĂŵŽĨƚŚĞWĂƐŝůĂĐ-Danish IBC 
method 
 
Cherry-Burrell Gold’n Flow process is similar to margarine 
ŵĂŶƵĨĂĐƚƵƌĞ;ƵůĞƟŶ'ϰϵϯͿ͘dŚĞƉƌŽĐĞƐƐƐƚĂƌƚƐǁŝƚŚĐƌĞĂŵĂƚ
ϭϴ͘ϯǑƚŚĂƚŝƐƉƵŵƉĞĚƚŚƌŽƵŐŚĂŚŝŐŚ-speed destabilizing unit and 
ƚŚĞŶƚŽĂĐƌĞĂŵƐĞƉĂƌĂƚŽƌ͕ĨƌŽŵǁŚŝĐŚĂϵϬйĨĂƚƉůĂƐtic cream is 
discharged. It is then vacuumed pasteurized and held in agitated 
ƚĂŶŬƐƚŽǁŚŝĐŚĐŽůŽƌ͕ŇĂǀŽƌ͕ƐĂůƚ͕ĂŶĚŵŝůŬĂƌĞĂĚĚĞĚ͘dŚĞŶƚŚŝƐϴϬй
fat-ǁĂƚĞƌĞŵƵůƐŝŽŶ͕ǁŚŝĐŚŝƐŵĂŝŶƚĂŝŶĞĚĂƚϰϴ͘ϵǑ͕ŝƐĐŽŽůĞĚƚŽϰ͘ϰǑ
by use of scraped surface-heat exchangers. It then passes through a 
crystallizing tube and then a perforate plate that works the butter. 
ĞĨŽƌĞĐŚŝůŝŶŐ͕ϱйŶŝƚƌŽŐĞŶŐĂƐŝƐŝŶũĞĐƚĞĚŝŶƚŽƚŚĞĞŵƵůƐŝŽŶ͘
Improvements of the processing continue to occur and it is now 
possible to manufacture butter from high-ĨĂƚĐƌĞĂŵ;хϴϮйŵŝůŬĨĂƚͿ
on a continuous basis (Kawanari et al͕͘ϭϵϵϮͿ͘ 
Although the Meleshin process continues to be in widespread 
use in the former U.S.S.R., the use of alternative continuous butter 
making processes based on high-fat cream has declined in Western 
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ĐŽƵŶƚƌŝĞƐĚƵƌŝŶŐƚŚĞƉĂƐƚϮϬǇĞĂƌƐ;<ŝŵĞŶĂŝ͕ϭϵϴϲͿ͘dŚĞƉƌŝŶĐŝƉĂů
reasons for this decline appear to be economics and butter quality, 
particularly when compared with the Fritz process. A Fritz 
manufacturing process can be installed in existing batch churn 
factories with almost no modification to cream-handling or butter-
packing equipment. The churns could be retained in case the Fritz 
breaks down. However, little batch plant equipment could be reused 
in the alternative slystems (i.e., Gold’n Flow). When a completely 
new plant is being bought, the alternative systems still tend to be 
more expensive, and operational advantages over the Fritz system 
are not significant. Butter from the Fritz process is nearly identical in 
its physical and flavor characteristics to batch-churned butter, 
whereas butter produced by the alternative processes tends to be 
ĚŝīĞƌĞŶƚ;<ůĞǇŶ͕ϭϵϵϮͿ͘dŚĞƐĞĚŝīĞƌĞŶĐĞƐŵĂǇďĞƉĞƌĐĞŝǀĞĚĂƐ
defects by the consumer, and manufacturers have been reluctant to 
alter a traditional product. 
There are a number of advantages that the alternative systems 
have over the modern Fritz line (Toma et al͕͘ϭϵϴϴͿ͘dŚĞŵŽƐƚ
attractive advantage is the flexibility to produce a wide range of 
products, with fat contents ranŐŝŶŐĨƌŽŵϯϬйďƵƩĞr-vegetable oil 
blends and the ability to incorporate fractionated fats (Anonymous, 
ϭϵϴϰͿ͘dŚĞĂůƚĞƌŶĂƟǀĞƉƌŽĐĞƐƐĞƐĂůƐŽƉƌĞƐĞŶƚƚŚĞƉŽƐƐŝďŝůŝƚǇŽĨĂ
number of operational advantages. The use of an efficient centrifuge 
during the cream concentration stage can substantially reduce fat 
losses in the buttermilk. The composition of the butter can be more 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
accurately controlled, either by including a batch standardization 
step or by the use of accurate continuous metering systems. 
Butter processing can be operated in a continuous fashion in 
ƚŚĞ͞&ƌŝƚǌ͟ƉƌŽĐĞƐƐǁŚĞƌĞŵĂĐŚŝŶĞƐĐĂŶƌƵŶƵƉƚŽϭϬ͕ϬϬϬŬŐŽĨďƵƩĞƌ
ƉĞƌŚŽƵƌ;<ŝŵĞŶĂŝ͕ϭϵϴϲ͖tĂůƐƚƌĂet al͕͘ϭϵϵϵͿĂŶĚƚŚŝƐƉƌŽĐĞƐƐŝƐ
commonly used in the United States. Prior to the actual churning 
event, the incoming milk is separated via a centrifuge and the skim 
milk is sent on for further processing. The cream is pasteurized at 
ϴϱºĨŽƌϮϱƐĞĐŽŶĚƐ;dŚŽŵƉƐŽŶ͕ϮϬϬϰͿ͘dŚŝƐƐĞƌǀĞƐƚŽŝŶĂĐƟǀĂƚĞ
micro-organisms and enzymes which can speed up oxidation (Lane, 
ϭϵϵϴͿ͘ƌĞĂŵĞŶƚĞrs the first chamber and is turned aggressively by 
the beater (Walstra et al͕͘ϭϵϵϵͿ͘&ŝŶĞďƵƩĞƌŐƌĂŝŶƐƌĞƐƵůƚĨƌŽŵƚŚŝƐ
intense churning, which only lasts for a few seconds, an extremely 
ƐŚŽƌƚƟŵĞŝŶĐŽŵƉĂƌŝƐŽŶƚŽƚŚĞďĂƚĐŚƉƌŽĐĞƐƐ;:ĞďƐŽŶ͕ϭϵϵϰͿ͘
Following this, in the separating cylinder, the butter granins are 
churned into larger ones and the buttermilk is separated (Walstra       
et al͕͘ϭϵϵϵͿ͘dŚĞďƵƩĞƌŐƌĂŝŶƐĨĂůŝŶƚŽĂǁŽƌŬŝŶŐƐĞĐƟŽŶǁŚĞƌĞĂ
low-speed screw kneads them together or it is forced through holes 
ŝŶŽƌŝĮĐĞƉůĂƚĞƐ;<ŝŵĞŶĂŝ͕ϭϵϴϲ͖:ĞďƐŽŶ͕ϭϵϵϰͿ͘/ŶƚŚŝƐƐƚĞƉ͕ůŝŶŐĞƌŝŶŐ
buttermilk is drained off. The vacuum chamber serves to reduce the 
amount of air in the butter. A second more hardness working step 
follows this to ensure that the water droplets are finely dispersed 
;<ŝŵĞŶĂŝ͕ϭϵϴϲͿ͘ 
The Cherry-Burrell process was used frequently in the United 
ƚ^ĂƚĞƐƵŶƟůƚŚĞůĂƚĞϭϵϱϬ͛ƐǁŚĞŶĐŽƐƚůǇĂŶĚƌĞĚƵĐĞĚƋƵĂůŝƚǇďƵƩĞƌ
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made it less attractive than the Fritz process. This process uses 
concentrated ĐƌĞĂŵǁŝƚŚŚŝŐŚĞƌŵŝůŬĨĂƚĐŽŶƚĞŶƚ͚ϯϬ-ϱϬй͛;DƵŶƌŽ͕
ϭϵϴϲͿ͘dŚĞϯϬ-ϱϬйŵŝůŬĨĂƚĐƌĞĂŵŝƐĚĞƐƚĂďŝůŝǌĞĚďǇƉƌĞ-churners 
which whip air into it. Following this, the cream is separated via a 
ĐĞŶƚƌŝĨƵŐĂůƐĞƉĂƌĂƚŽƌĂƚϱϱºƚŽǇŝĞůĚĐƌĞĂŵĂƚϴϮйŵŝůŬĨĂƚ͕ĐĂůĞĚ
plastic cream (Walstra et al͕͘ϭϵϵϵͿ͘WůĂƐƟĐĐƌĞĂŵĚŝīĞƌƐĨƌŽŵďƵƩĞƌ
in that it is still oil in water (O/W) emulsion although it exhibits 
ƐŝŵŝůĂƌƚĞǆƚƵƌĂůƉƌŽƉĞƌƟĞƐƚŽďƵƩĞƌ;ŚĂŶĚŽŶ͕ϭϵϵϳͿ͘dŚĞĐƌĞĂŵŝƐ
pasteurized and then subjected to a steam vacuum stripper. It is then 
pumped to a tank where salt, water, and neutralizer are added to 
ĂĐŚŝĞǀĞƚŚĞĚĞƐŝƌĂďůĞĐŽŵƉŽƐŝƟŽŶĂŶĚƉ,;DƵŶƌŽ͕ϭϵϴϲͿ͘/ƚŝƐĐŽŽůĞĚ
ƚŽϰ-ϲºC in a scraped surface heat-ĞǆĐŚĂŶŐĞƌ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘
Crystallization is initiated at this temperature, fat crystals residing in 
the milk fat globules break open the milk fat globule membrane 
(MFGM) and cause the still present liquid fat to flow out and rapidly 
invert the emulsion (Walstra et al., ϭϵϵϵͿ͘^ŝŶĐĞƚŚĞĨĂƚŚĂƐďĞĞŶ
concentrated, and buttermilk is drained from the product as it is 
converted to butter. The phospholipid content of butter made using 
this method is higher because none of the membrane material has 
been flushed out. The butter is further worked in the “Texturator” by 
passage through perforated plates. The butter is then packaged 
;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘ƵƩĞƌƉƌŽĚƵĐĞĚƵƐŝŶŐƚŚĞĐŚĞƌƌǇ-Burrell method 
has a greater tendency to oil-Žī;ĂƚϮϱ-ϮϴΣͿƚŚĂŶĐŽŶǀĞŶƟŽŶĂůǇ
ĐŚƵƌŶĞĚďƵƩĞƌ;DƵŶƌŽ͕ϭϵϴϲͿ͘ 
A phase separation method can also be employed in the 
continuous manufacture of butter from anhydrous milkfat. Similar to 
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the Cherry-ƵƌƌĞůŵĞƚŚŽĚ͕ƉůĂƐƟĐĐƌĞĂŵŝƐŽďƚĂŝŶĞĚ;хϴϬйĨĂƚͿ
;ŚĂŶĚŽŶ͕ϭϵϵϳ͖ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞĐƌĞĂŵŝƐŚĞĂƚĞĚĂŶĚ
continuously agitated. And this results in the destabilization of the 
emulsion and the formation of a distinct aqueous and oil phase. After 
ƐĞƉĂƌĂƟŽŶ͕ƚŚĞƌĞŵĂŝŶŝŶŐŽŝůŚĂƐďĞĞŶĐŽŶĐĞŶƚƌĂƚĞĚƚŽϵϴйĨĂƚ
;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘tĂƚĞƌ͕ŵŝůŬƐŽůŝĚƐ͕ĂŶĚƐĂůƚĂƌĞĂĚĚĞĚďĂĐŬƚŽƚŚĞ
butter oil in an emulsion pump. Crystallization is initiated upon 
cooling in a scraped surface heat exchanger. The butter is worked 
further to allow growth of crystals and texture development (Bruhn, 
ϮϬϬϰ͖ŽƵŐůĂƐ͕ϮϬϬϰͿ͘WŚŽƐƉŚŽůŝƉŝĚĐŽŶƚĞŶƚŽĨƉŚĂƐĞƐĞƉĂƌĂƚĞĚ
butter is much less than that of the concentration process. This 
ƉƌŽĐĞƐƐŝƐƐŝŵŝůĂƌƚŽƚŚĞŵĂŶƵĨĂĐƚƵƌĞŽĨŵĂƌŐĂƌŝŶĞ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘ 
Ϯ͘ϱƵƩĞƌƋƵĂůŝƚǇ  
Ϯ͘ϱ͘ϭDŝĐƌŽďŝĂůĐŚĂƌĂĐƚĞƌŝƐƟĐƐŽĨďƵƩĞƌ 
A wide variety of products are manufactured by processing raw 
milk into dairy products, among which butter is one of the primary 
fat sources and important source of dietary energy. It has been 
produced since ancient times and it was internationally trade 
ĐŽŵŵŽĚŝƚǇĂƐĞĂƌůǇĂƐϭϰth ĐĞŶƚƵƌǇ;sĞƌŶĂŵĂŶĚ^ƵƚŚĞƌůĂŶĚ͕ϭϵϵϰ͖
ZĂĚǇĂŶĚĂĚƌ͕ϮϬϬϯͿ͘ĞƐŝĚĞĨats, butter contains small percentages 
of protein, milk lactose and water which make it a sutable substrate 
for micro-organisms (Catsberg and Kempen-ǀĂŶŽŵŵĞůĞŶ͕ϭϵϵϬͿ͘ 
The microbiological properties of butter made from different 
milks have been extensively studied by many researchers (Ubach, 
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ϭϵϴϲ͖KΖŽŶŶŽƌet al͕͘ϭϵϵϯ͖ŚĂŽet al͕͘ϮϬϬϬͿƐŽŵĞƌĞƐĞĂƌĐŚĞƌs 
reported that lactic acid bacteria (LAB) (Lactococci, Lactobacilli, 
Enterococci, streptococci and Leuconostocs) were isolated from 
natural butter (KarahĂŶ͕ϭϵϵϮ͖^ĂŐĚŝĐet al͕͘ϮϬϬϮͿĞĞƌĞŶƐĂŶĚ
>ƵƋƵĞƚ;ϭϵϴϳͿŚĂǀĞƌĞƉŽƌƚĞĚƚŚĂƚLactococcus lactis ssp. diacetylactis 
and Lactococcus lactis ssp cremoris were the important species in 
natural butter. 
In Algeria, many studies have been carried out to isolate lactic 
acid bacteria from cow, sheep and goat milk (Karam and Zadi-Karam, 
ϭϵϵϰĂŶĚ<ĂƌĂŵ͕ϭϵϵϱͿĂŶĚĂůƐŽĨƌŽŵĂƚƌĂĚŝƟŽŶĂůďƵƩĞƌŵĂĚĞĨƌŽŵ
camel's milk called Shemen (Mourad and Nour-ĚĚŝŶĞ͕ϮϬϬϲ͖ Idoui 
ĂŶĚ<ĂƌĂŵ͕ϮϬϬϴ͖/ĚŽƵŝet al͕͘ϮϬϬϵ͖ϮϬϭϬͿ͘ 
Butter is widely used as seasoning in cooking, suggesting that it 
plays an important role in the formation of flavor during heating 
;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯď͖/ƚŽet al͕͘ϮϬϬϱͿ͘ 
ŝ^ŶĐĞϭϵϯϬĞǆƚĞŶƐŝǀĞƌĞǀŝĞǁŽĨůŝƚĞƌĂƚƵƌĞƉĞƌƚĂŝŶŝŶŐƚŽďƵƩĞƌ
keeping quality was presented, due to solid and semi solid nature of 
the product and because of high-fat, low moisture and salt content 
the growth of microorganisms is some what restricted 
;:ĂĐŽďƐĞŶ͕ϭϵϯϴͿ͘ 
Coliforms are usually used as a measure of hygiene in the 
processing and packaging of dairy products and coliforms can remain 
viable during fermentation step and during cold storage of the 
product (Birollo, et al., ϮϬϬϭͿ͘ 
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The microbial limit of butter as specified by COMESA/EAS 
ƐƚĂŶĚĂƌĚĂƐƐŚŽǁŶŝŶƚĂďůĞ;Ϯ͘ϳͿĂĐĐŽƌĚŝŶŐto ISO method of test 
;KD^ͬ^ƐƚĂŶĚĂƌĚ͕ϮϬϬϯͿ͘ 
dĂďůĞ;Ϯ͘ϳͿ͗DŝĐƌŽďŝŽůŽŐŝĐĂůůŝŵŝƚƐ 
Microorganism 
Maximum 
limit (cfu) 
Method of 
test 
Total count ϭϬϱ /^Kϭϯϱϱϵ 
E. coli ĂďƐĞŶƚŝŶϭŐ /^Kϭϴϲϲ 
Salmonella ĂďƐĞŶƚŝŶϮϱŐ /^Kϲϳϴϱ 
Moulds and 
yeasts 
ϯϬͬŐŵ /^Kϲϲϭϭ 
       Ž^ƵƌĐĞ͗ƌĂŌKD^ͬ^ƐƚĂŶĚĂƌĚͬͬ<ͬϬϯ-Ϯ-ϯͬϮϬϬϯ͘ 
Microbial off-flavors in butter are the result of metabolites 
produced by microorganisms in the raw milk prior to pasteurization, 
or due to successive contamination, occurring during manufacturing 
and storage. Nusty off-ŇĂǀŽƌŝŶĐƌĞĂŵŽƌďƵƩĞƌŝƐŽŌĞŶĚƵĞƚŽϮ͘
ŵĞƚŚŽǆǇ͘ϯ-alkylpy-razine produced by Pseudomonas taetroleus 
ǁŚŝĐŚŝƐƉƐǇĐŚƌŽƚƌŽƉŚŝĐƐƚƌĂŝŶ;DŽƌŐĂŶ͕ϭϵϳϲͿ͘DĂůƚǇŽī-flavor is 
ŽĐĐĂƐŝŽŶĂůǇĨŽƵŶĚŝŶďƵƩĞƌĐĂƵƐĞĚďǇƉƌŽĚƵĐƟŽŶŽĨϯ-methybutanal 
ĂŶĚϮ-methybutanal by Lactococcus lactis var. maltigenes (Margon, 
ϭϵϳϬͿ͘dŚĞƉƌĞƐĞŶĐĞŽĨǇĞĂƐƚǇŽī-flavor in butter is the evidence that 
inferior microbiological quality cream was used (Azzara and 
ĂŵƉďĞů͕ϭϵϵϮͿ͘dŚĞŵŝĐƌŽŇŽƌĂŽĨďƵƩĞƌƌĞŇects the quality of 
cream, the sanitary condition of equipment used to manufactured 
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butter and the environmental and sanitary conditions during packing 
and handling of such product (Richter et al͕͘ϭϵϵϮͿ͘ 
In butter, the microbiological development is generally limited 
ĚƵĞƚŽƉƌĞƐĞŶĐĞŽĨƐƚƌŽŶŐůǇĚŝƐƉĞƌƐĞĚǁĂƚĞƌƉŚĂƐĞ;:ĞŶƐĞŶ͕ϭϵϴϯͿ͘/Ŷ
recent study in Egypt, the microbiological examination revealed that 
ϭϬϬ͕ϭϬϬ͕ϯϲ͘ϳ͕ϯϭ͘ϳ͕ϯϭ͘ϳĂŶĚϮϯ͘ϯйŽĨƚŚĞĞǆĂŵŝŶĞĚƐĂŵƉůĞƐǁĞƌĞ
contaminated by psychrotrophic bacteria, molds and yeasts, 
coliforms, faecal coliforms, E. coli and S. aureus,  respectively 
;DĞƐŚƌĞĨ͕ϮϬϭϬͿ͘^ƵƌǇĂǀĂŶƐŚŝĂŶĚ'ŚŽƐŚ;ϮϬϭϬͿƌĞƉŽƌƚĞĚƚŚĂƚ
psycrophilic Pseudomonas aeruginsa E/DϮϬϯϲƉƌŽĚƵĐĞƐ
extracellular lipase. It is one of the important enzymes secreted by 
organisms involved in the spoilage of dairy products like white 
ƵŶƐĂůƚĞĚďƵƩĞƌǁŚĞŶƐƚŽƌĞĚĂƚůŽǁƚĞŵƉĞƌĂƚƵƌĞůŝŬĞϮ-ϱ°C resulting 
in flavor defects.  
Ϯ͘ϱ͘ϮŚĞŵŝĐĂůĐŚĂƌĂĐƚĞƌŝƐƟĐŽĨďƵƩĞƌ 
Milk fat is one of the most complex found in nature (Amer et 
al. ͕ϭϵϴϱͿ͘dŚŝƐĐŽŵƉůĞǆŝƚǇ;&Ϳ;Ğ͘Ő͘ĐŚĂŝŶůĞŶŐƚŚ͕ĚĞŐƌĞĞŽĨ
ƵŶƐĂƚƵƌĂƟŽŶĂŶĚďƌĂŶĐŚŝŶŐͿĂŶĚŵŽƌĞƚŚĂŶϰϬϬŽĨƚŚĞƐĞŚĂǀĞďĞĞŶ
ŝĚĞŶƟĮĞĚƌĞĐĞŶƚůǇ;:ĞŶƐĞŶĂŶĚEĞǁďĞƌŐ͕ϭϵϵϱͿŝƚƐŶƵƚƌŝƟǀĞǀĂůƵĞŝƐ
high and it based on fat content. Digestibility ŽĨďƵƩĞƌŝƐϵϳйĨŽƌĨĂƚ
ĂŶĚϵϰйĨŽƌĚƌǇƉůĂƐŵĂ͕ƌĞƉƌĞƐĞŶƟŶŐĂŶŝŵƉŽƌƚĂŶƚƐŽƵƌĐĞŽĨǀŝƚĂŵŝŶ
;'ƵƐ͕ϮϬϬϯͿ͘ 
Hydrolysis and oxidation occurring in animal fat during their 
storage have resulted in the depreciation of their quality and their 
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exclusion from the diet. Hydrolysis is a type of alteration which is 
finalized with the release of the two primary components: fatty acids 
and glycerin. The first factor which requires hydrolysis is water 
content of the fat, the other factor being hydrolytic specific enzymes 
;ŝŽďĂŶƵĂŶĚŝŽďĂŶƵ͕ϮϬϬϭ͖ĂŶƵet al͕͘ϮϬϬϮͿ͘ 
Lipid oxidation includes fatty acid oxidation and generates 
compounds that affect food quality and even nutrition and food 
safety (Gertz et al͕͘ϮϬϬϬ͖Klostermann ĂŶĚ<ŽĐŚŚĂƌ͕ϮϬϬϬ͖dŽĨĂŶĂet 
al͕͘ϮϬϬϲͿ͘Kxidative rancidity or autooxidation can not be stopped by 
lowering temperature of storage science it is a chemical reaction with 
low activation energy. Research into the problems concerning 
oxidative deterioration has been pursued for many years but it has 
been given a boost by the recognition that such oxidation can cause 
ĚĂŵĂŐĞƚŽĐĞůŵĞŵďƌĂŶĞƐĂŶĚE;DŽůĞƌĂŶĚtĂůŝŶ͕ϭϵϵϴͿƚŚĂƚŝƚ
may be involved in aging process (Russo et al͕͘ϭϵϵϴͿĂŶĚĐĂŶĐĞƌ
growth (Navarro et al͕͘ϭϵϵϵͿ͘ 
Butter is a mixture of triglycerides of several different fatty 
acids, the glycerides break down after some time, releasing the fatty 
acids, the butyric acid released is responsible for the nauseating smell 
of rancid butter (the caproic acid also smells wretched). The color of 
the butter comes from the presence of small amount of carotene 
;DŽŽƌĞ͕ϭϵϯϮͿ͘ 
dĂďůĞ;Ϯ͘ϴͿ͗&ĂƩǇĂĐŝĚƐƉƌŽĮůĞ 
Fatty acid Structure %total 
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fatty acid 
in butter 
Oleic acid CHϯ(CHϮ)ϳCH=CH(CHϮ)ϳCOOH ϯϭ͘ϵ 
Myristic 
acid 
CHϯ(CHϮ)ϭϮCOOH ϭϵ͘ϴ 
Palmitic 
acid 
CHϯ(CHϮ)ϭϰCOOH ϭϱ͘Ϯ 
Stearic acid CHϯ(CHϮ)ϭϲCOOH ϭϰ͘ϵ 
Lauric acid CHϯ(CHϮ)ϭϬCOOH ϱ͘ϴ 
Butyric acid CHϯCHϮCHϮCOOH Ϯ͘ϵ 
Caproic 
acid 
CHϯ(CHϮ)ϰCOOH ϭ͘ϵ 
Capric acid CHϯ(CHϮ)ϴCOOH ϭ͘ϲ 
Caprylic 
acid 
CHϯ(CHϮ)ϲCOOH Ϭ͕ϴ 
Linoleic 
acid 
CHϯ(CHϮ)ϰCH=CHCHϮCH=CH(CHϮ)ϳCOOH Ϭ͘Ϯ 
Linolenic 
acid 
CHϯCHϮ=CH CHϮ CH=CHCHϮ CH=CH (CHϳ) COOH Ϭ͘ϭ 
ƵƚŚŽƌ͗&ƌĞĚƐĞŶĞƐĞŵĂŝůƚ͗йϮϬƐĞŶƐĞŶƚŽŝŶĞ͘&ƌŽƐƚďƵƌŐ͘ĞĚƵͬ>ĂƐƚ
ZĞǀŝǌĞĚϭϱͬϮͬϮϬϭϬ͘ 
Compositional requirements of butter according to COMESA/ 
^ƐƚĂŶĚĂƌĚ;ϮϬϬϯͿŝŶdĂďůĞ;Ϯ͘ϵͿ͘ 
dĂďůĞ;Ϯ͘ϵͿ͗ Compositional requirements 
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Salted Unsalted 
Method of 
test 
Minimum fat content ϴϬйŵͬŵ ϴϮ /^KϯϳϮϳ 
Maximum milk solid non-fat 
content 
Ϯйŵͬŵ Ϯйŵͬŵ  /^KϯϳϮϳ 
Salt (max) Ϯ͘ϱй - /^Kϭϳϯϴ 
Maximum water content ϭϲ ϭϲ /^KϳϯϮϳ 
Source: Draft COMESA/EAS stander ͬ<ͬϬϯ-Ϯ-ϯͬϮϬϬϯ 
 /ŶĂĐĐŽƌĚĂŶĐĞǁŝƚŚ/^KϭϳϰϬ͕ďƵƩĞƌƐŚĂůŚĂǀĞĨƌĞĞĨĂƩǇĂĐŝĚ
ĐŽŶƚĞŶƚŽĨŶŽƚŵŽƌĞƚŚĂŶϬ͘ϰй͘ƵƩĞƌĚĞƚĞƌŝŽƌĂƚĞƐďǇĂƵƚŽŽǆŝĚĂƟŽŶ
ŽĨĨĂƚ͕ǁŚĂƚůĞĂĚƐƚŽŇĂǀŽƌĚĞĨĞĐƚĂŌĞƌŽŶĞŵŽŶƚŚƚŽϮǇĞĂƌƐƵŶĚĞƌ
the cold storage conditions, depending on the condition of the 
storage, quality of the original milk and proceeding of processes 
involved in butter manufacture (Walstra   et al͕͘ϭϵϵϵͿ 
 Hydro peroxides which are harmful to human. The process of 
fat oxidation can be prevented by adding natural or synthetics 
substances. Spices and herbs are known to posse's a great potential 
as natural antioxidant in food (Shiota et al͕͘ϭϵϵϵ͖KǌĐĂŶ͕ϮϬϬϯ͖ZŝǌŶĂ
et al͕͘ϮϬϬϲͿ͘<ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϲͿƌĞƉŽƌƚĞĚƚŚĂƚŝŶ
physicochemical study of shmen, the values of pH vaired in all 
ƐĂŵƉůĞƐ;ϯ͘ϭϭ-ϰ͘ϵϳͿ͘^ŝŵŝůĂƌƌĞƐƵůƚƐǁĞƌĞƌĞƉŽƌƚĞĚŝŶĞĂƌůŝĞƌƐƚƵĚŝĞƐŽĨ
ďƵƩĞƌƐ;&ŝůŬĞŶƐĞŶ͕ϭϵϴϳ͖^ĂŐĚŝĐet al., ϮϬϬϮͿ͘/ŶĂůƐĂŵƉůĞƐƟƚƌĂƚĂďůĞ
ĂĐŝĚŝƚǇd;Ϭ͘ϭϵ-Ϭ͘ϯϲͿǁĞƌĞŚŝŐŚĞƌƚŚĂŶǀĂůƵĞƐĨŽƵŶĚďǇŝůŝŐŶ;ϭϵϵϲͿ
ĂŶĚ,ĂǇĂůŽŐůƵ;ϭϵϵϵͿ͘dhe total solid varied according to the samples 
of butter and region (Sagdic et al͕͘ϮϬϬϮ͖<ĂĐĞŵĂŶĚ<ĂƌĂŵ͕ϮϬϬϲͿ͘
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Samet-Bali et al ͘;ϮϬϬϵͿƌĞƉŽƌƚĞĚƚŚĂƚthe traditional Tunisian butter 
physico-chemical composition showed a high dry matter and water 
activity values. In recent study, Idoui et al ͘;ϮϬϭϬͿƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞ
physicochemical characteristics of traditional Algerian butter pH 
ǀĂůƵĞƐŽĨƐĂŵƉůĞƐǁĞƌĞƌĂŶŐĞĚĨƌŽŵƉ,ϰ͘ϲϰĂŶĚƉ,ϱ͘ϱϯĂŶĚ
ŵŽŝƐƚƵƌĞĂŶĚŝŵƉƵƌŝƚǇǀĂůƵĞƐŽĨďƵƩĞƌƐĂŵƉůĞƐƌĂŶŐĞĚĨƌŽŵϭϳ͘ϱй 
and Ϯϲ͘ϱйĂŶĚϵ͘ϭϵйĂŶĚϮϯ͘ϱй͕ƌĞƐƉĞĐƟǀĞůǇ͘ 
Ϯ͘ϲSensory characteristics of butter  
The sensory analysis of butter has not been a subject of 
exhaustive study; and historically butter was sensorially assessed and 
graded by USDA dairy judges. The grading is based on flavor, body 
ĐŽůŽƌĂŶĚƐĂůƚĐŽŶƚĞŶƚ;h^͕ϭϵϴϵͿǁŝƚŚĂĨŽĐƵƐŽĨϴĚĞĨĞĐƚƐ͕ǁŚŝĐŚ
ƚŚĞƚĞŵƉĞƌĂƚƵƌĞŽĨďƵƩĞƌďĞŝŶŐƵƐƵĂůǇƐĞƚďĞƚǁĞĞŶϳ-ϭϯΣĨŽƌ
grading.  
Several studies included assessment of odour compound in 
butter. The odour compounds that were identified for different types 
of butter include decanolactone and butanoic acid (Schieberle et al., 
ϭϵϵϯͿ͘ϮŵĞƚŚǇůďƵƚĂŶĂů͕ĚŝŵĞƚŚǇůƚƌŝƐƵůĮĚĞĂŶĚϮ-ϯ-butandione 
;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯĂͿĚŝŵĞƚŚǇůƐƵůĮĚĞĂŶĚƐŬĂƚĞĚ
(Schieberle et al͕͘ϭϵϵϯͿĂŶĚlactones and carbonyl compound 
;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯďͿ͘ 
Several studies have evolved sensory evaluation of butter, with 
ĨŽĐƵƐŽŶƚĞǆƚƵƌĞ;DŽƌƚĞŶƐĞŶĂŶĚĂŶŵĂƌŬ͕ϭϵϴϮ͖<ƵůŬĂƌŶŝĂŶĚ
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ZĂŵĂŵƵƌƚŚǇ͕ϭϵϴϱ͖<ĂǇůĞŐŝĂŶĂŶĚ>ŝŶĚƐĂǇ͕ϭϵϵϮ͕<ůĞǇŶ͕ϭϵϵϮ͖
Stegman et al͕͘ϭϵϵϮ͖ ZŽŚŵĂŶĚhůďĞƌƚŚ͕ϭϵϵϬ͖tƌŝŐŚƚet al͕͘ϮϬϬϭͿ͘ 
In addition, sensory panels have been used to show that butter 
made from unsaturated fatty acid diet treatment with best, had 
ĂĐĐĞƉƚĂďůĞŇĂǀŽƌĂŌĞƌϯŵŽŶƚŚŽĨĐŽůĚƐƚŽƌĂŐĞ;^ƚĞŐĞŵĂŶet al., 
ϭϵϵϮͿ͘ 
Effect of phenotype on milk fat composition of dairy cow food 
identical diets and the texture of butter made from their milk. Their 
sensory panel that the dairy cow's whose milk has low altherogenic 
index, and indicator for cardiovascular disease, for lipids produced 
ďƵƩĞƌƚŚĂƚǁĞƌĞƐŽŌĞƌůĞƐƐĂĚŚĞƐŝǀĞ͕ĂŶĚŵŽƌĞƐƉƌĞĂĚĂďůĞĂƚϱΣ
than butter sample from high altherogenic index group (Bobe et al., 
ϮϬϬϯͿ͘ 
Similar findings were obtained when supplemented the bovine 
diet with calcium salt of sunflower oil, with high oleic acid content, 
and obtained a softer and more spreadable butter, especially for the 
high oleic butter (Lin et al͕͘ϭϵϵϲͿ͘ 
Several studies revealed that, although texture changes with 
the milk fatty acid composition, the effect on flavor is not significant 
(Lin et al͕͘ϭϵϵϲ͖ŽďĞet al͕͘ϮϬϬϯͿ͘ 
It is evident that appearance properties, i.e. optical properties 
(including color) and physical form are important features regarding 
ƚŚĞƐĞůĞĐƟŽŶĂŶĚǀĂůƵĂƟŽŶŽĨĨŽŽĚŵĂƚĞƌŝĂů;,ƵƚĐŚŝŶŐƐ͕ϭϵϵϰͿ͘ 
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In most cases, the very subjective response of human to 
particular food is based on the visual inspection which, in the case of 
an attractive appearance, will produce positive sensation or, in the 
ǁŽƌƐƚĐĂƐĞ͕ůĞĂĚƚŽĂƌĞũĞĐƟŽŶŝŵƉƵůƐĞƐ;EĞůƐŽŶ͕ϭϵϲϰͿ͘ 
The results of study of butter color effect on sensory 
perception of spreadability, therefore clearly highlight to existence of 
strong bias with respect to color intensity and spreadability of edible 
fats. It is evident that at least for educated consumer who is aware of 
interaction ships between butter color and spreadability of firmness 
and who is also aware of the effect of the natural variation in fat 
composition attributable to, for example, season and feeding, visual 
properties at a subconscious level to the perception of relevant 
texture properties (Rohm et al͕͘ϭϵϵϳͿ͘ 
Dairy cows feeding has a relatively great impact on cheese and 
butter, some of the effect of the feeding factor on cheese properties 
are due to modification in the milk protein and fat composition, with 
milk fat composition being closely dependant on animal feeding, is at 
the origin of differences in texture and flavor of the butter and 
cheese. The Cϭϲ͗Ϭ+Cϭϴ:Ϭ/Cϭϴ͗ϭ ration, are indicators of butter 
spreadability decreased with conserved grass compared to maize 
silage (Hurtaud     et al͕͘ϮϬϬϮa).  
Odour, taste, and mouth feel contribute to the perception of 
flavour. The lipid component of foods specifically has a large impact 
on how flavors are perceived. Lipids can impart their own flavors, act 
as flavor precursors and flavor carriers, and modify flavor perception 
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by changing the threshold concentration and retention (Kinsella, 
ϭϵϳϱͿ͘dŚĞƌĞĂƌĞůĂƌŐĞŶƵŵďĞƌŽĨǀŽůĂƟůĞĐŽŵƉŽƵŶĚƐŝŶďƵƩĞƌ͕ĂŶĚ
ĂƐŽĨϭϵϵϲϮϴϳĐŽŵƉŽƵŶĚƐŚĂĚďĞĞŶĚĞƚĞĐƚĞd. There is currently no 
chemical mixture that has been able to successfully replicate the 
ĂƌŽŵĂŽĨďƵƩĞƌ;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯͿ͘ 
Alkanoic acids are present in triglycerides of fresh butter and 
upon heating they are converted via carboxylation tŽŵĞƚŚǇϭŬĞƚŽŶĞƐ
;<ŝŶƐĞůĂ͕ϭϵϳϱ͖ŽƵŐůĂƐ͕ϮϬϬϰͿ͘DĞƚŚǇϭŬĞƚŽŶĞƐĂƌĞƉƌĞƐĞŶƚŝŶ
quantities below the flavor threshold value (FTV) in unheated butter 
and may not contribute significantly to flavor in fresh butter. 
DĞƚŚǇϭŬĞƚŽŶĞƐĐŽŶƚƌŝďƵƚĞƚŽƚŚĞĐŚĂƌĂĐƚĞƌŝƐƟc flavor of melted 
butter and may contribute desirable flavors in cooking and baking. 
These flavor compounds also contribute to the flavor of blue cheeses 
;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞŇĂǀŽƌƚŚƌĞƐŚŽůĚŽĨŵĞƚŚǇϭŬĞƚŽŶĞƐǁŝƚŚϲ-ϭϬ
ĐĂƌďŽŶƐŝƐϮ-ϮϬƉƉŵŝŶŽŝůƐǇƐƚĞŵƐ;,ĂŵŵŽŶĚ͕ϭϵϴϲͿ͘ 
ŝĂĐĞƚǇϭ;Ϯ͘ϯ-butanedione) is a specific ketone which provides 
the rich heated note of butter. It is important because it imparts the 
ĐŚĂƌĂĐƚĞƌŝƐƟĐ͞ďƵƩĞƌƐŵĞů͟;<ŝŶƐĞůĂ͕ϭϵϳϱ͖ŽƵŐůĂƐ͕ϮϬϬϰͿ͘dŚĞ
ŝŵƉŽƌƚĂŶĐĞŽĨĚŝĂĐĞƚǇϭŝŶĨƌĞƐŚďƵƩĞƌ has been the subject of some 
ĚĞďĂƚĞ;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯͿ͘^ĐŚŝĞďĞƌůĞet al ͘;ϭϵϵϯͿ
ĐŽŶƐŝĚĞƌĞĚĚŝĂĐĞƚǇϭƚŽďĞůĞƐƐŝŵƉŽƌƚĂŶƚŝŶƐǁĞĞƚĐƌĞĂŵďƵƩĞƌƐ
since the concentration was considerably lower in these compared to 
the cultured butters. The resƵůƚŽĨƚŚĞůŽǁĐŽŶĐĞŶƚƌĂƟŽŶŽĨĚŝĂĐĞƚǇϭ
may be the reason for the overall mild and sweet odor in sweet 
ĐƌĞĂŵďƵƩĞƌ͘WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ;ϮϬϬϯͿĨŽƵŶĚĚŝĂĐĞƚǇϭƚŽďĞ
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above the flavor threshold in the headspace of sweet cream butter, 
suggesting that it significantly contribute to aroma.  
The precursors of lactones are glyceride esters, which are 
present in butter and form lactones from spontaneous hydrolysis and 
lactonization. Aside from spontaneous production, all glyceride esters 
are converted to lactones when butter is heated. Two forms of 
lactones exist in butter: the five-carbon-ring delta (d) lactone and the 
four-carbon-ring gamma (g) lactone. The d lactone is present in 
higher quantities and has a greater impact on the flavor (Kinsella, 
ϭϵϳϱͿ͘>ĂĐƚones account for some of the rich flavor notice from 
heating butter. The presence of these compounds contributes to the 
sweet, coconut, and fruity flavors associated with butter.  
Lipid derived aldehydes are factor in the flavor and odor profile 
of butter. When they accumulate to high levels, aldehydes contribute 
to the oxidized off-ŇĂǀŽƌƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚďƵƩĞƌ;<ŝŶƐĞůĂ͕ϭϵϳϱͿ͘dŚĞ
presence of these aldehydes is usually attributed to the 
ĂƵƚŽŽǆŝĚĂƟŽŶŽĨƵŶƐĂƚƵƌĂƚĞĚĨĂƩǇĂĐŝĚƐ;<ŝŶƐĞůĂ͕ϭϵϳϱ͖,ĂŵŵŽŶĚ͕
ϭϵϴϲͿ͘WŽůǇ-unsaturated fatty acid, specifically linoleic and linolenic 
acids, are the primary species that are oxidized, but there are other 
polyunsaturated fatty acids that are present in small quantities which 
ĐĂŶĂůƐŽďĞŽǆŝĚŝǌĞĚ;<ŝŶƐĞůĂ͕ϭϵϳϱͿ͘dŚĞbreak down of isoluecine 
ĂŶĚůĞƵĐŝŶĞĐĂŶƉƌŽĚƵĐĞĂůĚĞŚǇĚĞƉƌŽĚƵĐƚƐ;Ϯ-ŵĞƚŚǇϭĂŶĚϯ-
methylbutanal) via the Strecker degradation (Peterson and 
ZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯͿ͘tŝĚĚĞƌĂŶĚ'ƌŽƐĐŚ;ϭϵϵϳͿĚĞƚĞƌŵŝŶĞĚƚŚĂƚ
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autooxidation of palmitoleic acid results in the formation of (E)-Ϯ-
nonenal, which is responsible for a cardboardy off-flavor in butter oil. 
The off-flavor of oxidized lipid is described as cardboardy, 
oxidized, or metallic. Extensive oxidation can result in a fishy or oily 
flavor. Controlling oxidized flavors is most practical in processing by 
ensuring that milk does not come in contact with copper surfaces 
;,ĂŵŵŽŶĚ͕ϭϵϴϲͿ͘ĚĚŝƟŽŶĂůǇ͕ƚĞŵƉĞƌĂƚƵƌĞŇƵĐƚƵĂƟŽŶƐĂŶĚůŽŶŐ
storage times lead to oxidative off-flavors; consistent storage 
conditions will prevent oxŝĚĂƟǀĞĚĂŵĂŐĞ;tŽŽĂŶĚ>ŝŶĚƐĂǇ͕ϭϵϴϰ͖
tŝĚĚĞƌĂŶĚ'ƌŽƐĐŚ͕ϭϵϵϳͿ͘ƐŝĚĞĨƌŽŵŽǆŝĚĂƟŽŶ͕ĂůĚĞŚǇĚĞƐĂƌĞĂůƐŽ
ƉƌŽĚƵĐĞĚĂƚůŽǁůĞǀĞůƐǀŝĂĨĞƌŵĞŶƚĂƟŽŶ;<ŝŶƐĞůĂ͕ϭϵϳϱͿ͘tŚĞŶ
aldehydes are present in trace quantities, they can impart desirable 
flavor characteristics. At the parts-per-billion (ppb) level, cis-ϰ- 
hepetenal (creamy-buttery), trans-Ϯ-hecenal (green-ŐƌĂƐƐǇͿ͕Ϯ͕ϰ-
decadienal (deep-fried), and n-ĂůŬĂŶĂůƐĂŶĚϮ-nonenal (nutty) 
ĐŽŶƚƌŝďƵƚĞƉůĞĂƐŝŶŐŇĂǀŽƌƐ;<ŝŶƐĞůĂ͕ϭϵϳϱͿ͘ 
Dimethyl sulfide (DMS) is the most significant of the sulfur 
compounds present in butter. Due to its extremely volatile nature, 
DMS only contributes to butter aroma for a short period of time 
ƉƌĞĐĞĚŝŶŐŝƚƐƉƌŽĚƵĐƟŽŶ;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯͿ͘/ƚŝƐĂďůĞƚŽ
smooth out some of the harsher flavor characteristics associated with 
ĚŝĂĐĞƚǇůĂŶĚŽƚŚĞƌĂĐŝĚŶŽƚĞƐŝŶďƵƩĞƌǁŚĞŶŝƚŝƐƉƌĞƐĞŶƚĂƚϯϬ-ϱϬ
ƉƉď;<ŝŶƐĞůĂ͕ϭϵϳϱͿ͘ƵƩĞƌĐŽŶƚĂŝŶŝŶŐD ^ŝƐƚŚŽƵŐŚƚƚŽŚĂǀĞĂ
“corn-like” flavor, and is typically graded higher because of this 
desirable flavor. Two other sulfur compounds have been found in 
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butter, one of which them, dimethyl sulphone, is thought to be an 
oxidation product of DMS, and the other, dimethyl trisulphide, has 
been identified in cheeses and pasteurized milk, and is newly 
reported ŝŶďƵƩĞƌ;WĞƚĞƌƐŽŶĂŶĚZĞŝŶĞĐĐŝƵƐ͕ϮϬϬϯͿ͘ZĞĐĞŶƚůǇ
conducted preference mapping of butter to identify drivers of liking, 
key butter feature to consumers were desirable flavor and natural 
image; negative aspects included price and cholesterol (Krause et al., 
ϮϬϬϳͿ 
2.7 Buttermilk  
Creating a new application of the different whey component, 
such as whey butter, in food product is very promising for dairy 
industry. It could be beneficial for consumer because of the potential 
benefit of added nutritional compounds, such as the minor 
components in milk fat globule membrane, but could also be 
economical by giving more value. 
Sweet buttermilk is obtained from cream by the process of 
churning fragment rich in surface-active agent (proteins and 
phospholipids) that are released during churning. When butter is 
melted, remaining milk fat globule surface is released into butter 
serum. The aqueous phase of butter differs from buttermilk in that it 
ŚĂƐϮ-ϯĨŽůĚƐƚŚĞůŝƉŝĚĐŽŶƚĞŶƚŽĨďƵƩĞƌŵŝůŬ;ůŝŶŐet al͕͘ϭϵϵϲͿ͘dŚĞ
high phospholipids content of buttermilk makes this dairy ingredient 
ŝŶƚĞƌĞƐƟŶŐĨŽƌƵƐĞĂƐĂĨƵŶĐƟŽŶĂůŝŶŐƌĞĚŝĞŶƚ;tŽŶŐĂŶĚ<ŝƩƐ͕ϮϬϬϯ͖
Sodini et al͕͘ϮϬϬϲͿ͘ 
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Natural cream and recombined cream containing buttermilk 
and butter serum have been found to contain higher levels of total 
phospholipids and phospholipids occurring in the surface material 
associated with lipid globules than recombined cream formulated 
with skim milk (Elling et al͕͘ϭϵϵϲ͖^ĐŽƫ͕ϭϵϵϵͿ͘ 
Buttermilk is similar in composition and appearance to skim 
milk but contains most of the milk fat globule membrane (MFGM) 
which is rich in phospholipids especially phosphatidyl choline 
(Lecithin) phosphatidyl ethanolamine and sphingomyelin (Keenan 
ĂŶĚǇůĞǁƐŬŝ͕ϭϵϵϱͿ͘ 
The high content of phospholipids in buttermilk makes it an 
important functional ingredient in an array of food products (e.g. salad 
chocolate, cheese seasonings, ice cream mixes or yoghurt) (Tamime and 
RodiniƐŽŶ͕ϭϵϵϵͿ͘ 
2.7.1 Use of buttermilk rich in phospholipids for health improve-
ment 
&ŽƌƚŚĞůĂƐƚϭϱǇĞars, a great deal of knowledge has been 
accumulated on health beneficial factors, protein and non-protein, of 
bovine milk fat globule membrance, Among the health beneficial 
components of the MFGM are cholestrolemia-lowering factor, 
inhibitors of cancer cell growth, vitamin binders, inhibitor of Escherichia 
coli, Xanthine oxidase as a bactericidal agent, butyrophilin as a possible 
suppressor of multiple sclerosis, and phospholipids as agents against 
colon cancer, gastrointestinal pathogens, Alzheimer’s diseases, 
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depression, and stress. All of the above compelled to consider bovine 
D&'DĂƐĂƉŽƚĞŶƟĂůŶƵƚƌĂĐĞƵƟĐĂů;^ƉŝƚƐďĞƌŐ͕ϮϬϬϱͿ͘ 
2.7.2 Application of buttermilk in the manufacture of dairy 
products 
In manufacturing scale trials for concentrated buttermilk, dried 
buttermilk and buttermilk protein prepared in the manufacture of 
processed cheese, it resulted in considerable financial saving in 
manufacture of several varities of processed cheese (Kairyukshtene 
ĂŶĚZĂŶĚŽŶĞŶĞ͕ϭϵϴϬͿ͘ 
Fermented buttermilk made like yoghurt from sweet cow’s 
ďƵƩĞƌŵŝůŬĂŌĞƌĨŽƌƟĮĐĂƟŽŶďǇĂĚĚŝŶŐϬ͕ϯ͕ϲ͕ϵ͕ϭϮ͕ĂŶĚϭϱй;t sͬͿ
of skim-milk powder, and the resultant product was stored at 
ϲцϭǑĨŽƌϳĚĂǇƐ͘^ŽŵĞĐŚĞŵŝĐĂůƉŚǇƐŝĐĂůĂŶĚŽƌŐĂŶŽůĞƉƟĐƉƌŽƉĞƌƟĞƐ
were determined during the storage. Results showed an increase in 
total solids, total nitrogen, pH values, acidity, acetaldehyde, lactose 
and curd tension with increasing percent of skim-milk powder (El-
Batawy et al͕͘ϭϵϴϲͿ͘ 
Kareish cheese was manufactured from sweet buttermilk 
ĨŽƌƟĮĞĚďǇĂĚĚŝŶŐϯ͕ϲĂŶĚϵй;ǁͬǀͿƐŬŝŵ-milk powder. Cheese was 
ranked the highest scoring points for its organoleptic properties 
when fresh and during storage (Ibrahim et al͕͘ϭϵϵϬͿ͘ 
Also studies to use the buttermilk in cheese manufactured 
ǁĞƌĞĐĂƌƌŝĞĚŽƵƚďǇ:ŽƐŚŝĂŶĚdŚĂŬĂƌ;ϭϵϵϰͿ͕:ŽƐŚŝet al ͘;ϭϵϵϰͿ͕
Mistry     et al ͘;ϭϵϵϲͿ͕ZĂǀĂů;ϭϵϵϴͿ͕WŽĚƵǀĂůĂŶĚDŝƐƚƌǇ;ϭϵϵϵͿ͕
DŝƐƚƌǇ;ϮϬϬϭͿĂŶĚ>ƵĐĞǇet al ͘;ϮϬϬϲͿ͘ 
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Buttermilk was used as a functional ingredient in the manu-
facture of processed cheese spread, low fat frozen yoghurt, and 
nutritional properties of processed cheese spread enriched with 
ďƵƩĞƌŵŝůŬĐŽŶĐĞŶƚƌĂƚĞ;ů^ĂǇĞĚ͕ϮϬϬϳͿ͘ 
2.8 Butter deterioration  
Due to its chemical composition and high water activity, milk 
acts like a culture medium for the growth and multiplication of many 
kinds of pathogenic microorganisms (Soomro et al͕͘ϮϬϬϮͿ͘DŝůŬŝƐ
generally contaminated at dairy farms during milking and storage. In 
case of inadequate pasteurization of milk used for producing butter, 
these pathogens which originate from raw milk can survive. 
Microbiological load of butter is closely related to hygienic conditions 
of the manufacturing plant and contamination caused by raw milk. In 
Mansia, butter is produced in small plants by traditional methods 
without any regard to the raw material source, quality and hygienic 
conditions of milk used. Since the hygienic conditions of the 
manufacturing plants are inadequate, pathogenic microorganisms can 
find access to milk products (Soomro et al͕͘ϮϬϬϮͿ͘Žntamination risk of 
butter with pathogens increases as portions of products are repeatedly 
removed from containers over long periods of time. Moisture may 
condense on the frozen or refrigerated products in warm places like 
kitchens and this may lead to pathogen growth (Holliday et al͕͘ϮϬϬϯͿ͘ 
In the production of all butter-fat containing food, quality 
control is essential to ensure shelf life safety, and the food 
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appearance, flavors and texture. The key to final products is the 
quality of raw materials.  
Most common spoilage defect encountered-butter was 
mentioned by Singhal and Kulkarnl (ϭϵϵϵͿ;dĂďůĞϮ͘ϭϬͿ͘ 
dĂďůĞ;Ϯ͘ϭϬͿ͗DŽƐƚĐŽŵŵŽŶƐƉŽŝůĂŐĞĂŶĚĚĞĨĞĐƚƐĞŶĐŽƵŶƚĞƌĞĚŝŶ
butter 
Nature of spoilage or defect Causative factors 
Spoila
ge 
Bacterial spoilage  Contaminated water supplies 
 Improper distribution of salt  
Temperature abuse in sweet cream 
butter  
Putridity or “surface 
taint” and hydrolytic 
rancidity  
Pseudomonas spp. As such P. fragi, 
Shewanella putrefaciens and P. 
fluorescens which grow on butter 
ƐƵƌĨĂĐĞƐĂƚϰ-ϳǑĂŶĚƉƌŽĚƵĐĞƉƌŽƚĞĂƐĞƐ
and lipases  
Mould growth 
producing musty 
flavor  
Growth of Rhizopus, Geotrichum, 
Penicillium and Cladosporium which 
may cause hydrolytic rancidity  
,ƵŵŝĚŝƚǇĂďŽǀĞϳϬй 
Improper personal hygiene of workers in 
the manufacturing plant  
Malty flavor, slunk-
like odor and black 
Discoloration  
Growth of Lactococcus lactis var. 
maltigenes, Pseudomonas maphitica and 
Alteromonas nigrifaciens 
Color changes  Surface growth of various fungi which 
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produce coloured spores  
Acid production  Growth of yeasts such as 
Saccharomyces, Candida mycoderma, 
Torulopsis holmii  
Defect
s 
Metallic  Over-acidification of cream, high level of 
metallic ions in wash water, defects of 
tinned utensils  
Soapy taste and 
smell  
Contamination with cleansing agent 
residues  
Short, brittle 
structure  
Butterfat too hard, improper cooling 
during ripening  
Salve-like, greasy 
structure 
Too much liquid fat in fat globules, 
defects in ripening, too high buttering 
and kneading temperature 
Streaky, marbled 
appearance  
Uneven salt distribution, blending of 
butter  
Flat or insipid flavor  Excessive washing of butter grains during 
manufacture, dilution of cream with water, 
initial stages of bacterial deterioration 
Medicinal flavor in 
butter  
Use of medicates for treating cows, 
presence of chorine compounds in milk 
or cream  
Source: Singhal and Kulkarnl ;ϭϵϵϵͿ͘ 
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CHAPTER THREE 
MATERIALS AND METHODS 
 
ϯ͘ϭQuestionnaire (primary data for quantitative and socio-economic 
aspects) 
ϯ͘ϭ͘ϭ Questionnaire data 
dŚĞƋƵĞƐƟŽŶŶĂŝƌĞĐŽŶƐŝƐƚĞĚŽĨϮϯƋƵĞƐƟŽŶƐĂŶĚĐŽǀĞƌĞĚϯϬϬ
ĨĂƌŵĞƌƐĂŶĚϲϵϬϬĂŶƐǁĞƌƐǁĞƌĞŽďƚĂŝŶĞĚ͕ĞǆƚƌĂĐƚĞĚŝŶƚĂďůĞƐ͕ĂŶĚƚŚĞ
results were statistically analyzed. 
  Primary data collected from a questionnaire covered the areas of 
urban and peri-urban of Khartoum State. 
ϯ͘ϭ͘Ϯ Study of butter making population 
To study the population of butter making potential regions, 
stratified random samples were selected, which included urban and 
peri-urban of Khartoum, Khartoum North and Omdurman towns. 
Hundred targeted samples from each town were selected using 
randomized stratified design. 
The questionnaire was composed of direct and precise questions 
relevant to the issue. Moreover, the questionnaire was designed to keep 
systematic and logical approach for the responds. However, stratified 
random sample reduced the variance within strata so as one could 
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obtain an accurate result. Stratified random samples kept non 
interaction between strata and hence the three strata could be 
representative of targeted population. The total number (N) was 
distributed in equal strata (Ki) to obtain sample per region (Ni) according 
to the following equation: 
i
i K
NN =  
Where  
N = Total nƵŵďĞƌŝŶƚŚĞƚŚƌĞĞƌĞŐŝŽŶƐ;ϯϬϬͿ 
Ki = Number of strata ;ϯͿ 
Ni = Number of samples ƉĞƌƌĞŐŝŽŶ;ϭϬϬͿ  
 
ϯ͘ϭ͘ϯdŚĞƐŽĐŝŽĞĐŽŶŽŵŝĐĐŚĂƌĂĐƚĞƌŝƐƟĐƐĂŶĂůǇƐŝƐ 
ϯ͘ϭ͘ϰ Analysis of questionnaire data 
ϯ͘ϭ͘ϰ͘ϭQuantitative data 
Questionnaire analysis was conducted to test the sustainability of 
the range of milk production, milk prices and butter production. The 
analysis was done by the standard deviation which was calculated as 
follow: 
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Where  
Sx =  Standard deviation of the sample 
ix  =  Production of milk in region (i) or price of milk in region (i) or 
production of butter in region (i) 
-x = Mean of milk production or price of producing milk or butter 
production. 
n = Number of samples 
 
ϯ͘ϮDĂŶƵĨĂĐƚƵƌĞŽĨďƵƩĞƌ 
ϯ͘Ϯ͘ϭButter manufactured by the farmers 
Butter was traditionally made by the farmers by the following 
method: raw milk was left at room temperature to coagulate and 
converted into what is called "Rob" which was churned in a skin bag 
from goat called "Siin" until the coalescence of fat globules is formed 
indicating the conversion of milk into butter locally called "Fursa". This 
"Fursa" is converted to butter oil locally called "Samn" by heat 
treatment 
ϯ͘Ϯ͘ϯButter manufactured in the dairy plant (Al manara Dairy Plant) 
Butter was manufactured in the dairy plant as follows: sweet 
cream ŽďƚĂŝŶĞĚďǇĐƌĞĂŵƐĞƉĂƌĂƟŽŶŽĨĨƌĞƐŚŵŝůŬĂŶĚĂĚũƵƐƚĞĚƚŽϯϬй
fat was used for the process of buttermaking. The cream was cooled at 
cold room (ϰºC), this process was repeated daily the cream was butter 
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manufactured. The cƌĞĂŵǁĂƐƉĂƐƚĞƵƌŝǌĞĚĂƚϴϮºC ĨŽƌϯϬŵŝŶ͘Ζ͖ƚŚĞŶ
ĐŽŽůĞĚƚŽϭϬºC. The cream was then held two hours (sometimes over 
ŶŝŐŚƚͿďĞĨŽƌĞǁŽƌŬŝŶŐŝŶƚŽďƵƩĞƌ͘dŚĞĐƌĞĂŵǁĂƐĂĚũƵƐƚĞĚƚŽϭϭ͘ϲºC 
and churning started by filling the churn with ϮͬϱǀŽůƵŵĞŽĨĐƌĞĂŵĂŶĚ
cold water was added. Churning continued until granules were formed. 
ƵƩĞƌǁĂƐǁĂƐŚĞĚǁŝƚŚĐŽůĚǁĂƚĞƌĨŽƌϱŵŝŶ͘ĂŶĚǁĂƐŚŝŶŐǁĂƐ
repeated twice, then the washed water was drained off and butter was 
ǁƌĂƉƉĞĚĂŶĚǁĞŝŐŚĞĚĂŶĚƉĂĐŬĞĚ͘ƵƩĞƌǁĂƐƐƚŽƌĞĚĂƚϱºC for a 
ŵĂǆŝŵƵŵƉĞƌŝŽĚŽĨϮ months, otherwise if stored for longer period, 
should be frozen at -ϮϬ ºC. 
ϯ͘Ϯ͘ϯƵƩĞƌŵĂŶƵĨĂĐƚƵƌĞĚin the laboratory (Department of Dairy 
Production, Faculty of Animal Production) 
Butter was manufactured in the Department of Dairy Production, 
University of Khartoum. Milk was obtained from the University of 
Khartoum Dairy Farm, and manufactured into butter according to 
O'ConnŽƌ;ϭϵϵϱͿ. After fat determination ͕ŵŝůŬǁĂƐǁĂƌŵĞĚƚŽϰϬºC and 
the cream was separated using hand separator. The milk was passed 
through the separator and recovered into two fractions; the high fat 
cream and the low fat skim milk. The cream obtained was analyzed for 
ĨĂƚĐŽŶƚĞŶƚĂŶĚŬĞƉƚŝŶƚŚĞƌĞĨƌŝŐĞƌĂƚŽƌ;ϰºC) (overnight). The cream was 
ƚŚĞŶĐŚƵƌŶĞĚĂƚϭϮºC by hand churner. Churning was continued till 
whipped cream became coarser and formed semi-solid butter granules 
that rapidly increased in size and separated sharply from the liquid 
buttermilk. Buttermilk was removed and butter was washed with cold 
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water several times. Butter was rigged with spatulas to remove excess 
moisture, and then filled in sterile disposable polyethylene bags and 
stored frozen till analysis. 
ϯ͘ϯ Sample collection and analysis 
Microbiological  characterisctics (total viable bacteria, coliform 
bacteria, proteolytic bacteria, lipolytic bacteria, pseudomonas bacteria 
and yeasts and moulds counts) were determined in butter 
manufactured by the farmers and butter manufactured in both the dairy 
plant (Al manara Dairy Plant) and the laboratory (Department of Dairy 
Production, Faculty of Animal Production) Ăƚϭ͕ϭϱ͕ϯϬ͕ϰϱ ĂŶĚϲϬ- day 
intervals for samples stored in the refrigerator (ϱ͘Ϭцϭ͘ϬΣͿand ϭ͕ϳ͕ϭϰ͕
ϮϭĂŶĚϮϴ- day intervals for samples stored at room temperature 
;ϮϱцϮ͘ϬΣͿ͕ǁŚŝůĞƉŚǇƐŝĐŽĐŚĞŵŝĐĂů;ŵŽŝƐƚƵƌĞ͕ĨĂƚ͕^E&͕pH, acidity, 
specific gravity, freezing point, melting point, iodine value, 
saponification number, fatty acid composition, cholesterol content) and 
sensory (flavour, texture, colour, overall acceptability) characteristics 
were determined in butter manufactured by the farmers, in the dairy 
ƉůĂŶƚĂŶĚŝŶƚŚĞůĂďŽƌĂƚŽƌǇĂƚƚŚĞĞŶĚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚŽĨϲϬĚĂǇƐĨŽƌ
samples stored in the refrigerator, in addition to samples from Egypt 
and New Zealand as reference samples. 
ϯ͘ϰ Sample prepararion 
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To ensure uniform distribution of water, the sample for testing 
was warmed in unopened airtight container in a ǁĂƚĞƌďĂƚŚƐĞƚĂƚϯϱǑ͕
agitated to facilitate melting and the test sample was thoroughly mixed 
to a homogeneous state according to the method of ISO (ϭϵϵϳ). 
ϯ͘ϱMicrobiological examination  
The samples were examined for total viable bacteria, coliform 
bacteria, proteolytic bacteria, lipolytic bacteria, pseudomonas and 
yeasts and moulds counts. 
ϯ͘ϱ͘ϭ^ƚĞƌŝůŝǌĂƟŽŶŽĨŐůĂƐƐ-ware  
Before sterilization, glass-ware were washed thoroughly and left 
to dry then sterilized in a ĚƌǇŽǀĞŶĂƚϭϲϬǑĨŽƌĂƚůĞĂƐƚϯŚƌ;,ĂƌƌŝŐĂŶ
and McCance, ϭϵϳϲͿ. 
ϯ͘ϱ͘ϮƵůƚƵƌĞŵĞĚŝĂ 
ϯ͘ϱ͘Ϯ͘ϭWůĂŶƚĐŽƵŶƚĂŐĂƌ 
The plant count agar was obtained in a dehydrated form and was 
prepared according to the manufacturer's instructions. 
Twenty three and half grams powder was suspended in one litre 
of distilled water and dissolved by boiling with frequent stirring, then 
distributed into suitable containers and sterilized by autoclaving at 
ϭϮϭǑĨŽƌϭϱŵŝŶƵƚĞƐ. 
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ϯ͘ϱ͘Ϯ͘ϮDĂůƚĞǆƚƌĂĐƚĂŐĂƌ (Oxoid Ltd., England) 
The medium was obtained in a dehydrated form and was prepared 
as decribed by manufacturer. 
Fifty grams of powder were suspended iŶϭůŝƚĞƌŽf distilled water, 
dissolved by boiling, and was sterilized by autoĐůĂǀŝŶŐĂƚϭϭϱǑĨŽƌϭϬ
minutes. 
ϯ͘ϱ͘Ϯ͘ϯDĂĐConkey broth (Scharlau Chemic S.A.) 
Fourty grams of the powdered medium were dissolved in ϭL of 
distilled water, dissolved by boiling, distributed in tubes fitted with 
Durham tubes ŝŶϵŵůƋƵĂŶƟƚies and sterilized ďǇĂƵƚŽĐůĂǀŝŶŐĂƚϭϮϭǑ
ĨŽƌϭϱŵŝŶƵƚĞƐ͘ 
ϯ͘ϱ͘Ϯ͘ϰƌŝůŝĂŶƚ'ƌĞĞŶŝůĞďƌŽƚŚϮй (Himedia Laboratories Mumbai-
India) 
Fourty grams of the powdered medium were suspend in ϭ> 
distilled water and boiled until dissolved completely. The medium was 
distributed in ϵŵůƋƵĂŶƟƚies fermentation tubes containing inverted 
Durham's tubes and sterilized by autoclaving at ϭϮϭºC ĨŽƌϭϱŵŝŶƵƚĞƐ͘ 
 
ϯ͘ϱ͘Ϯ͘ϱ Cephaloridine-Fucidin-Cetrimide Agar (CFC)  
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Hundred mls of sterile molten heart infusion were cooled ƚŽϱϬºC 
and the other ingredients were added, mixed well and poured into Petri 
dishes ĂĐĐŽƌĚŝŶŐƚŽƚŚĞŵĞƚŚŽĚĚĞƐĐƌŝďĞƌďǇ,ĂƌƌŝŐĂŶ;ϭϵϵϴͿ͘ 
 
 
ϯ͘ϱ͘Ϯ͘ϲ Milk Agar ;ϭϬйŵŝůŬͿ;ŝĨĐŽ͕h^͕KǆŽŝĚ͖ŶŐůĂŶĚͿ 
The milk was added to Yeast extract agar (Molten agar medium) 
and mixed well, dispensed and sterilized by ĂƵƚŽĐůĞĂǀŝŶŐĂƚϭϭϱºC ĨŽƌϮϬ
minutes accorging to the method described by Harrigan (ϭϵϵϴ). 
 
ϯ͘ϱ͘Ϯ͘ϳ Tween Agar 
The medium was prepared and sterilized according to Barrow and 
Feltham (ϭϵϵϴͿ͘dŚĞŝŶŐƌĞĚŝĞŶƚƐǁĞƌĞĚŝƐƐŽůǀĞĚŝŶϭůiter distilled water 
and ĚŝƐƉĞŶƐĞĚŝŶƚŽϮconical ŇĂƐŬƐϱϬϬ ml each them. Sterilized by 
steaming in an autoclave ĂƚϭϮϭ ºC for ϭϱŵŝŶƵƚĞƐ and allowed to cool to 
ϰϬºC. 
The tween ϴϬǁĂƐƐƚĞƌŝůŝǌĞĚďǇĂƵƚŽĐůĂǀŝŶŐĂƚϭϮϭºC ĨŽƌϭϱ
minutes. Five ml of the sterilĞƚǁĞĞŶϴϬǁĞƌĞĂĚĚĞĚƚŽĞĂĐŚŇĂƐŬƚŽŐŝǀĞ
ϭйĐŽŶĐentrate and then the medium was poured in Petri dishes.  
ϯ͘ϱ͘ϯWƌĞƉĂƌĂƟŽŶŽĨƐĞƌŝĂůĚŝůƵƟŽŶƐ 
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  The samples were melted according to the method described by 
/^K;ϭϵϴϲ). After melting the sample was warmed ƚŽϰϱoĂŶĚϭϬŐƌĂŵƐ
ǁĞƌĞĂƐĞƉƟĐĂůǇƚƌĂŶƐĨĞƌƌĞĚƚŽĂŇĂƐŬĐŽŶƚĂŝŶŝŶŐϵϬŵůƐƚĞƌŝůĞƉĞƉƚŽŶĞ
ǁĂƚĞƌ;ĚŝůƵƟŽŶƐͿƚŽŵĂŬĞϭϬ-ϭ dilution. Further dilutions were prepared 
ďǇƚƌĂŶƐĨĞƌƌŝŶŐϭŵůĨƌŽŵϭϬ-ϭ dilution into sterile peptone water in a 
test tube to makĞϭϬ-Ϯ dilution. The process was ƌĞƉĞĂƚĞĚƚŽŵĂŬĞϭ-ϭ – 
ϭϬ-ϲ dilution. 
ϯ͘ϱ͘ϰǆĂŵŝŶĂƟŽŶŽĨbacteria 
ϯ͘ϱ͘ϰ͘ϭdŽƚĂůǀŝĂďůĞďĂĐƚĞƌŝĂl count (TVBC) 
 Total viable bacteria count was determined by the pour-plate 
ŵĞƚŚŽĚĂƐĚĞƐĐƌŝďĞĚďǇ,ĂƌƌŝŐĂŶ;ϭϵϵϴͿ. This was carried out by 
ƚƌĂŶƐĨĞƌƌŝŶŐĂƐĞƉƟĐĂůǇϭŵůĨƌŽŵsuitable dilution into sterile Petri 
dishes, followed ďǇƉŽƵƌŝŶŐϭϱ-ϭϴŵůŽĨŵĞůƚĞĚ;ϰϱ±ϭoC) plate count 
agar medium. The medium was allowed to solidify and the plates were 
incubated (in an inverted positioŶͿĂƚϯϬoĨŽƌϰϴŚƌ͘dŚĞĐŽůŽŶŝĞƐǁĞƌĞ
counted using colony counter and the number of colonies were 
determined as colony forming units (cfu) per gram. 
ϯ͘ϱ͘ϰ͘ϮzĞĂƐƚĂŶĚŵŽƵůĚƐĐŽƵŶƚ 
 Yeasts and moulds count was determined using malt extract agar 
containinŐϬ͘ϭŐƌĂŵĐŚůŽƌamƉŚĞŶŝĐĂůƉĞƌϭůŝƚĞƌŽĨŵĞĚŝƵŵ to inhabit 
ďĂĐƚĞƌŝĂůŐƌŽǁƚŚ͘&ƌŽŵƚŚĞĂƉƉƌŽƉƌŝĂƚĞĚŝůƵƟŽŶƐ͕Ϭ͘ϭŵůwas aseptically 
ƚƌĂŶƐĨĞƌƌĞĚƚŽƐƚĞƌŝůĞWĞƚƌŝĚŝƐŚĐŽŶƚĂŝŶŝŶŐϭϱ-ϭϴŵůŽĨƉƌĞǀŝŽƵƐůǇŵĞůƚĞĚ
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;ϰϱ± ϭ°C) and solidified medium. The inoculum was spreaded all over 
the plate by sterile bent glass rod and allowed to dry. The plates were 
incubated (in an inverƚĞĚƉŽƐŝƟŽŶͿĂƚϮϱ°ĨŽƌϳĚĂǇƐ͘ŌĞƌŝŶĐƵďĂƟŽŶ
the number of colonies was reported as colony forming units (cfu) per 
gram. 
ϯ͘ϱ͘ϰ͘ϯŽůŝĨŽrm bacteria count 
Coliform bacterial count was determined by the most probable 
number technique (MPN) using MacConkey broth medium for 
presumptive coliforms test. The test was carried out as follows: one ml 
ŽĨĞĂĐŚŽĨƚŚĞĮƌƐƚϯĚŝůƵƟŽŶ;ϭϬ-ϭ, ϭϬ-Ϯ͕ϭϬϯ) was added to every five test 
tubes containing MacConkey broth with Durham tube (using the five 
tube technique). TŚĞƚƵďĞƐǁĞƌĞŝŶĐƵďĂƚĞĚĂƚϯϳ°ĨŽƌϰϴŚŽƵƌƐ͘ů
tubes showing positive result (production of acid and gas) were 
submitted to a confirmatory test. 
ϯ͘ϱ͘ϰ͘ϯ͘ϭ Coliform confirmatory test  
A loopful from the presumptive tubes showing positive results 
ǁĞƌĞŝŶĐƵďĂƚĞĚŝŶĂƐƚĞƌŝůĞ'ƚƵďĞƐĂŶĚŝŶĐƵďĂƚĞĚŽĨϯϳΣĨŽƌϰϴŚƌƐ͘
Tubes showing positive results were recorded and the most probable 
number (MPN) table was used to determine the coliform number. 
ϯ͘ϱ͘ϰ͘ϰ Pseudomonas examination  
A suitable dilution of Ϭ͘ϭŵůǁĂƐĂƐĐĞƉƟĐĂůǇƚƌĂŶƐĨŽƌŵĞĚŝŶƚŽƚŚĞ
surface of solidified sterile cetrimide agar plates. The inoculum was 
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spreaded using a sterile glass rod and plates were incubated at Ϯϱ°C for 
ϰϴhrs. 
Colonies produced yellow-green fluorescent diffusible pigments 
and those with smooth translucent white or cream colour were counted 
as pseudomonas ssp. 
ϯ͘ϱ͘ϰ͘ϱ Proteolytic examination  
An initial suspension of Ϭ͘ϭml of the butter sample was 
transferred to each tow prepared petri dishes. The inoculum was 
carefully spreaded over the surface of the plate using sterile bended 
glass rod. dŚĞĚŝƐŚĞƐǁĞƌĞŝŶĐƵďĂƚĞĚĂƚϯϬ°ĨŽƌϱĚĂǇƐ͘ŽůŽŶŝĞƐ
surrounded by clear zones were counted as proteolytic bacteria. 
ϯ͘ϱ͘ϰ͘ϲ Lipolytic examination  
An initial suspension of Ϭ͘ϭŵůŽĨbutter sample was transferred 
onto ƐƵƌĐĂĞŽĨƐƚĞƌŝůĞƐŽůŝĚŝĮĞĚƚǁĞĞŶϴϬŶƵƚrient agar plates. The 
inoculum was spreaded carefully using a sterile bent glass rod. The 
plates were incubated ĂƚϯϬ°ĨŽƌϯ-ϱ accordoing to the method of 
ĂƌƌŽǁĂŶĚ&ĞůƚŚĂŵ;ϭϵϵϴ). 
ϯ͘ϲ Chemical composition 
ϯ͘ϲ͘ϭDŽŝƐƚƵƌĞĐŽŶƚĞŶƚ 
The moisture content was determent according to ISO (ϮϬϬϭͿ͘  
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Blank test 
Simultaneously with the determination of moisture content of the 
test sample a blank test was carried out. The same method of the 
moisture content determination was used but omitting the test sample. 
Preparation of dish 
Pumice stone ;ϭϬŐ±Ϭ͘ϱŐͿwas put in alminium dish, and then 
heated in a ĚƌǇŽǀĞŶƐĞƚĂƚϭϬϮºĨŽƌϭŚ. Then the dish was cooled in a 
desiccator to the temperature of the weighing room.Using an analytical 
balance the dish was weighĞĚƚŽƚŚĞŶĞĂƌĞƐƚϭŵŐ͘ 
Determination 
Five grams±ϭŵŐŽĨƚŚĞƐĂŵƉůĞƐǁĞƌĞǁĞŝŐŚĞĚŝŶƚŽĂƉrepared 
alminium dish, and then the tested portion and the dish were heated in 
a ĚƌǇŽǀĞŶĂƚϭϬϮºĨŽƌϮŚ͘ Then the test sample and dish were cooled 
in a desecrator to the room temperature, and the dish and its contents 
(the reaming dry mass) were reweighed to determine the loss in mass. 
The moisture content (Wm) was calculated according to following 
equation: 
100)()(
02
3142 ´
-
---
mm
mmmmWm  
Where 
wm is the moisture content of sample, expressed in a mass fraction (%) 
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0m  is the mass, in grams, of the prepared dish 
1m  is the mass, in grams, of the prepared dish used in the blank test  
2m  is the mass, in grams, of the test portion and the dish before drying 
3m  is the mass, in grams, of the dish used in blank test 
4m  is the mass, in grams, of the test portion and the dish after drying. 
ϯ͘ϲ͘ϮEŽŶfat solids content (NFS) 
Non fat solids content (Wnf) of butter was determined according 
to ISO ϯϳϮϳ-Ϯ;ϮϬϬϭͿĂƐĨŽůŽǁƐ͗ǁater from a known mass of butter was 
evaporated, the fat was extracted with light petroleum and the mass of 
substance remaining was determined. 
Preparation of test sample  
Preparation of the dish, rod and filter crucible 
The dishs with both the rod and filter crucible inside the dish were 
dried in a ĚƌǇŝŶŐŽǀĞŶƐĞƚĂƚϭϬϮºC ĨŽƌϭŚ. Then cooled to room 
temperature and weighed ƚŽŶĞĂƌĞƐƚϭ mg. The filter crucible was 
removed and the dishs with the rod were weighed to the ŶĞĂƌĞƐƚϭŵŐ͘ 
Preparation of test portion  
The test sample ;ϱ+ ϭŐŵͿwas weighed into the prepared dish, 
then the dish with the test portion and rod were heated in the dry oven 
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ƐĞƚĂƚϭϬϮºC ĨŽƌϭϱ h, then the dish and test portion were cooled to 
room temperature. 
Determination 
Fifteen millilitres of light petroleum was added to the test portion 
ŝŶƚŚĞĚŝƐŚĂƚƚĞŵƉĞƌĂƚƵƌĞŽĨĂƉƉƌŽǆŝŵĂƚĞůǇϮϱºC to detach the 
sediment adhered to the wall or bottom of the dish by using glass rod. 
The solvent was transferred to prepared filter crucible and allowed to 
filter into the suction flask. 
This procedure was carried out so many times until all traces of 
fat were completely eliminated; the sediment in the crucible was 
ǁĂƐŚĞĚǁŝƚŚϮϱŵůŽĨƉƌĞǁĂƌŵĞĚůŝŐŚƚƉĞƚƌŽůĞƵŵ͘dŚĞǁĂƐŚĞĚĚŝƐŚ͕
together with the glass rod and the filter crucible were dried at dry oven 
ĂƚϭϬϮºC ĨŽƌϯϬminutes, and then cooled to room temperature and 
weighted to the ŶĞĂƌĞƐƚϭŵŐ. 
The non fat solids content was determined according the 
following equation: 
100
12
03 ´
-
-
=
mm
mm
wnf   
Where 
nfw  is the non fat solids content of the sample expressed in a mass 
fraction (%). 
0m  is the mass, of the prepared dish, rod and filter crucible. 
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1m  is the mass, in grams, of the prepared dish and rod. 
2m  is the mass, in grams, of the test portion together with the dish and 
rod before drying. 
3m  is the mass, in grams, of residue together with the dish, rod and filter 
crucible after drying. 
 
ϯ͘ϲ͘ϯ&ĂƚĐŽŶƚĞŶƚ 
Fat content was expressed as mass fraction in percent. The 
procedure described in ISO ϯϳϮϳ-ϯ;ϮϬϬϯ) was used. Fat content (Wf) 
was calculated by subtracting the mass fractions determined by both 
ƉƌŽĐĞĚƵƌĞƐĨƌŽŵƚŚĞƚŽƚĂůŵĂƐƐĨƌĂĐƟŽŶŽĨƐƵďƐƚĂŶĐĞƐĞƋƵĂůƚŽϭϬϬйĂs 
follow 
()Tj
ET
Q
q
218.4 404.6098 3.96 15.84 re
W* n
BT
/F18 18.7734 Tf
0.6295 0 0 1 218.4 408.6898 Tm 18.7734 TL
()nfmf www +-= %100  
Where: 
 wf is the fat content of the tested sample expressed as mass fraction (% 
) 
mw  is the moisture content of the test sample obtained by the 
ƉƌŽĐĞĚƵƌĞĚĞƐĐƌŝďĚŝŶ/^KϯϳϮϳ-ϭͬ/FϴϬ-ϭ͕ĞǆƉƌĞƐƐĞĚĂƐŵĂss 
fraction in percent.  
nfw  is non-fat solids content of the samen sample used for 
determination of the moisture content obtained by the procedure 
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ĚĞƐĐƌŝďĞĚŝŶ/^KϯϳϮϳ-Ϯͬ;ϮϬϬϭͿ /&ϴϬ-Ϯ͕;ϮϬϬϭͿ expressed as a mass 
fraction in prcent. 
ϯ͘ϲ͘ϰĞƚĞƌŵŝŶĂƟŽŶŽĨĂĐŝĚŝƚǇŝŶďƵƩĞƌ 
The acidity in butter was determined according to LŝŶŐ;ϭϵϲϯͿ͘
Eighteen grams of butter were weighed into a clean dry flask and ϵϬ ml 
of boiled distilled water were added and mixed by shaking. ϭ ml of ϭй 
phenolphthalein indicator was added and titrated while still hot with 
ĐĂƌďŽŶĂƚĞĨƌĞĞEͬϱϬEĂK,͘dŚĞĂĐŝĚŝƚǇ͕expressed as lactic acid, was 
given by dividing the number of ŵŝůŝƚĞƌŽĨEͬϱϬ required for titration by 
hundred.  
ϯ͘ϲ.ϱ Determination of pH of butter 
The pH of butter was determined using pH-ŵĞƚĞƌ;DŽĚĞůϴϭϬ
Fisher Scientific company) Germany.  
 
 
ϯ͘ϲ͘ϲ^ƉĞĐific gravity of butter 
The specific gravity of butter was determined using Wistphal 
ďĂůĂŶĐĞĂƚƚĞŵƉĞƌĂƚƵƌĞϮϬºC. 
ϯ͘ϲ͘ϳDelting point and freezing point 
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The melting point and freezing point were determined using 
Ascending melting point according to the method described by Pardun 
;ϭϵϲϵ). 
 
ϯ͘ϲ͘ϴ/ŽĚŝŶĞǀĂůƵĞ 
The iodine value of butter was determined according to the AOAC 
;ϮϬϬϬͿ method. Five grams of butter were weighted accurately into a 
ϱϬϬŵůĐŽŶŝĐĂůŇĂƐŬǁŝƚŚŐůĂƐƐƐƚŽƉƉĞƌ͕ƚŽǁŚŝĐŚϮϱ ml of carbon 
tetrachloride were added. The content was mixed well and Ϯϱ ml of 
Wij’s is solution was pipetted and the flask was kept in the dark for an 
hour, the blank was carried ƐŝŵƵůƚĂŶĞŽƵƐůǇ͘ϭϱ ml of potassium iodide 
ƐŽůƵƟŽŶǁĂƐĂĚĚĞĚ͕ĨŽůŽǁĞĚďǇϭϬϬ ml of recent boiled and cooled 
water. Standard sodium thiosulphate solution was used for titration, 
and starch used as indicator. 
ϯ͘ϲ͘ϵ^ĂƉŽŶŝĮĐĂƟŽŶǀĂůƵĞ 
The saponification value was determined according to AOAC 
;ϮϬϬϬͿ method. Two grams of butter (after melting and moisture 
evaluation) were weighĞĚŝŶƚŽϮϱϬ ml Erlenmeyer flask. Then ϮϱŵůŽĨ
alcoholic potassium hydroxide solution were pipetted into the flask; a 
blank determination was conducted along with the sample. 
Sample flask and blank flask were connected with air condensers, 
and kept in water bath. Boiling was carried out gently but steadily until 
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saponification was completed. The sample was allowed to cool and 
titration was carried out ǁŝƚŚϬ͘ϱŚǇĚƌŽĐŚůŽƌŝĐĂĐŝĚĂŶĚϭ ml pheno-
lphthalein indictor was added. The result was calculated as follows: 
Saponification value = ()Tj
ET
Q
q
284.28 655.1697 3.96 14.76 re
W* n
BT
/F18 15.8242 Tf
0.7466 0 0 1 284.28 658.6497 Tm 15.8242 TL
()
W
NSB -1.56  
Where 
B = volume of standard hydrochloric acid required for the blank (ml). 
S = volume of standard hydrochloric acid required for sample (ml) 
N = normality of standard hydrochloric acid. 
W = weight of sample (gm). 
 
ϯ͘ϳ Fatty acid composition 
Nine representative samples of butter were tested according to 
the method of ZĂĚǁĂŶ;ϭϵϳϴͿ;ĐŽƵƉůŝŶŐŽĨƚǁŽĚŝŵĞŶƐŝŽŶĂůƚŚŝn layer 
chromatography with gas chromatography for quantitfive analysis of 
lipid classes and their constituent fatty acids). 
ŶĂŵŽƵŶƚŽĨϭŵŐŽĨƐĂŵƉůĞǁĂƐĐŚƌŽŵĂƚŽŐƌĂƉŚĞĚĂŶĚůŝƉŝĚ
classes resolved were determined by gas chromatography to their 
constituent fatty acids, with GC model, Shimadzu -ϴ͕ĞƋƵŝƉƉĞĚǁŝƚŚ 
Flame Ionization Detector (FID). 
Detector and glass column   Ϯ͘ϱŵ×ϯŵŵ 
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ŝ͘Ě͘ƵŶĚĞƌƚŚĞĨŽůŽǁŝŶŐĐŽůƵŵŶϱй&'^ŽŶϴϬͬϭϬϬĐŚƌŽŵŽ͘ĞƚĞĐƟŽŶ
ƚĞŵƉ͘ϮϳϬºC  
HϮ flow rate  ϳϱŵůͬŵŝŶ 
Sensitivity  ϭϲ×ϭϬϮ 
Column temp. ϭϰϬ-ϭϴϬºĂƚƌĂƚĞϱºC/min 
NϮ flow rate  ϮϬŵůͬŵŝŶ 
Air flow  Ϭ͘ϱŵůͬŵŝŶ 
Shaft speed  Ϯ͘ϱŵŵͬŵŝŶ 
 
ϯ͘ϴ Cholesterol determination 
Six representative samples of butter were subjected to 
cholesterol determination according to the method of Allian et al. 
;ϭϵϳϰ) the method is an enzematic method for determination of total 
serum cholesterol by using single aqueous reagent, according to the 
following reaction: 
                        cholesterol  
Cholesterol ester -------- cholesterol +fatty acids 
                          esterase 
                     cholesterol  
Cholesterol -------------- cholest-ϰ-ĞŶϯ-one+HϮoϮ  
                      oxidase  
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                                                       peroxidase  
HϮOϮнƉŚĞŶŽůнϰ-aminoantipyrine------------ĐŚƌŽŵŽŐĞŶнϰ,ϮO 
 
Stanbio liquiColor cholesterol .ProĐĞĚ͘EŽ͘ϭϬϭϬǁĂƐƵƐĞĚ (Stanbio 
kits USA). No prior treatment was required just melting the butter 
sample. Ϭ͘ϬϭŵůŽĨƚŚĞƐĂŵƉůĞwas ĂĚĚĞĚƚŽϭŵůŽĨƌĞĂŐĞŶƚŵŝǆƚƵƌĞ, 
and then pipeted ŝŶƚŽƚƵďĞƐĂŶĚŝŶĐƵďĂƚĞĚĂƚϯϳΣĨŽƌϱŵŝŶ͘ƚŚĞŶƚŚĞ
ƐĂŵƉůĞĂŶĚƐƚĂŶĚĂƌĚǁĞƌĞƌĞĂĚĂŐĂŝŶƐƚƚŚĞďůĂŶŬĂƚϱϬϬŶŵ͘dŚĞ
amount of cholesterol was determined using automated analyzers. 
ϯ.ϵ Sensory evaluation of butter 
Six representative samples of butter were subjected to descriptive 
sensory analysis ƵƐŝŶŐƚŚĞϵ-point quality scores as described by 
tŝĞƌďŝĐŬŝ;ϭϵϴϭͿ, wŚĞƌĞϵсĞǆĐĞůĞŶƚ͕ϳсŐŽŽĚ͕ϱсĨĂŝƌ͕ϯсƉŽŽƌĂŶĚϭс
extremely poor. Fourteen penalists were chosen to evaluate butter 
sample for color, texture, flavor and overall acceptability. 
ϯ͘ϭϬ Statistical analyses  
The data were subjected to descriptive statistical analysis using 
statistical analysis method (SAS ͕ǀĞƌ͘ϵ) as follows: qestionnaire data for 
quantitative and socioeconomic traits under-gone descriptive analysis 
percentile and standard deviation. Two-way randomized complete 
design was used for microbiological analysis; one-way randomized 
complete design was used for physciochemical analysis, fatty acid 
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profile, cholesterol and organoleptic analysis. Means were separated by 
Duncan multiple range test at P<Ϭ͘Ϭϱ͘ 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
ϰ͘ϭWƌŝŵĂƌǇĚĂƚĂĨŽƌƋƵĂŶƟƚĂƟǀĞĂŶĚƐŽĐŝŽĞĐŽŶŽŵŝĐƚƌĂŝƚƐŽĨƐĞůĞĐƚĞĚ
dairy farmers 
This part of the study is devoted to illustrate the obtained data 
extracted from questionnaire (Appendix I), that aims to identify the 
dairy farmers who practice butter processing in urban and peri-urban 
areas of Khartoum State. 
Three hundred dairy farmers were selected according to stratified 
random sampling. TĂďůĞ;ϰ͘ϭͿƐŚŽǁƐƚŚĞƐŽĐŝŽĞĐŽŶŽŵŝĐƚƌĂŝƚƐŽĨƚŚĞ
selected dairy farmers. DŽƌĞƚŚĂŶϳϱйŽĨƚŚĞĨĂƌŵĞƌƐŝŶƚŚĞƚŚƌĞĞĂƌĞĂƐ
practice dairǇĨĂƌŵŝŶŐĂƐĂũŽď;ϳϱ-ϵϮйͿĂŶĚϰϮ-ϰϵйŽĨƚŚĞĨĂƌŵĞƌƐǁĞƌĞ
ŝůŝƚĞƌĂƚĞ͕ǁŚŝůĞŽŶůǇϱ-ϮϬйwere university graduates. In a recent study, 
ůƵďĞŝƌĂŶĚDĂŚĂůĂ;ϮϬϭϭͿƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞŝůŝƚĞƌĂĐǇůĞǀĞůĂŵŽŶŐ
dairy farmers in the studied camps ǁĂƐϯϲй͘tŽŵĞŶŽǁŶing farms 
ǁĞƌĞϮйŝŶKŵĚƵƌŵĂŶŽŶůǇ͕ƚŚŝƐĂŐƌĞĞd ǁŝƚŚZŝĐŚƚĞƌ;ϭϵϵϳͿ͕who 
reported that rarely women could own a farm and if so it was run by 
one of her relatives and this was due to culture and customs.  
dŚĞŵĂũŽƌŝƚǇŽĨĂŶŝŵĂůƐŽǁŶĞĚďǇƚŚĞĨĂƌŵĞƌƐǁĞƌĞĐŽǁƐ;ϴϯ-
ϭϬϬйͿŽĨǁŚŝĐŚϲϵ-ϴϳйǁĞƌĞůĂĐƚĂƟŶŐ;dĂďůĞϰ͘ϮͿ͘ &K;ϭϵϵϴͿƌĞƉŽƌƚĞĚ
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that the main sources of fresh milk in Sudan were cows followed by 
goats and sheep. 
The total milk production in the study area ranged between 
ϱϰϳϵ±ϰ͘ϲ liters ŝŶ<ŚĂƌƚŽƵŵƚŽϮϮϳϬϬцϭϯ͘ϲ liters in Omdurman of which 
ϱϯϴϴůŝƚĞƌs were ƐŽůĚŝŶƚŚĞŵĂƌŬĞƚŝŶ<ŚĂƌƚŽƵŵ͕ϮϭϭϵϮůŝƚĞƌs sold in the 
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dĂďůĞ;ϰ͘ϭͿ͗ Socioeconomic traits of the dairy farmers (%) 
Location 
Owner job Education Gender 
Fa
rm
er
 
O
th
er
 
Ill
it
er
at
e 
Pr
im
ar
y 
Se
co
nd
ar
y 
U
ni
ve
rs
it
y 
M
al
e 
Fe
m
al
e 
Urban and 
peri-urban of 
Khartoum 
ϳϱ Ϯϱ ϰϳ Ϯϵ ϭϱ ϭϭ ϭϬϬ Ϭ 
Urban and 
peri-urban of 
Khartoum 
North 
ϳϱ Ϯϱ ϰϮ ϭϴ ϮϬ ϮϬ ϭϬϬ Ϭ 
Urban and 
peri-urban of 
Omdurman 
ϵϮ ϴ ϰϵ Ϯϱ Ϯϭ ϱ ϵϴ Ϯ 
 
 
dĂďůĞ;ϰ͘ϮͿ͗dǇƉĞĂŶĚƉĞƌĐĞŶƚĂŐĞŽĨĚĂŝƌǇĂŶŝŵĂůŽŶwed by farmers 
and lactating stage (%) 
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Location 
Species (%) 
Percentage of lactating 
dairy cows 
Cows 
Sheep + 
goats 
Lactating 
cows 
Dry cows 
Urban and peri-urban 
of Khartoum 
ϭϬϬ Ϭ ϲϵ ϯϭ 
Urban and peri-urban 
of Khartoum North 
ϭϬϬ Ϭ ϳϴ ϮϮ 
Urban and peri-urban 
of Omdurman 
ϴϯ ϭϳ* ϴϳ ϭϯ 
 
dĂďůĞ;ϰ͘ϯͿ͗dŽƚĂůŵŝůŬƉƌŽĚƵĐƟŽŶ;>Ϳ͕ƉƌŝĐĞ;^'ͬ>ͿĂŶĚŵŝůŬƵsage on 
daily base (October/November) 
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Location 
Total 
daily milk 
productio
n 
(L) 
Price 
(S.G) 
Milk usage 
N
o. of farm
s 
processed butter 
Type of butter 
processed 
M
arket m
ilk 
(sold) 
Consum
ed 
Processed into 
butter 
Urban and 
peri-urban 
of 
Khartoum 
ϱϰϳϵцϰ͘ϲ ϭϭϵ±ϵ͘Ϯϱ ϱϯϴϴ ϵϭ - - - 
Urban and 
peri-urban 
of 
Khartoum 
North 
ϮϮϬϱϱ±ϭϲ͘
ϰ 
ϭϮϭ͘Ϯ±ϭϬ͘
ϰ 
Ϯϭϭϵ
Ϯ 
ϲϳϰ ϭϵϬ ϭϳ TB 
Urban and 
peri-urban 
of 
Omdurma
n 
ϮϮϳϬϬ±ϭϯ͘
ϲ 
ϭϱϳ͘ϳ±ϭϵ͘
Ϭ 
ϮϮϮϴ
ϲ 
ϯϳϭ ϰϯ ϰ TB 
 
the ŵĂƌŬĞƚŝŶ<ŚĂƌƚŽƵŵEŽƌƚŚĂŶĚϮϮϮϴϲliters in Omdurman. The rest 
of the milk was either consumed by the owners or processed into butter 
;Ϭ͘ϵйŝn <ŚĂƌƚŽƵŵEŽƌƚŚ͕Ϭ͘ϮйŝŶKŵĚƵƌŵĂŶͿĂƐƐŚŽǁŶŝŶdĂďůĞ;ϰ͘ϯͿ͘ 
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 Milk processing in Sudan waƐĞƐƟŵĂƚĞĚďǇ&K;ϭϵϵϴͿĨŽƌĐŚĞĞƐĞ
ƚŽďĞϬ͘ϱϭйŽĨƚŚĞǁŽƌůĚĂŶĚϭϰ͘ϳйŽĨĨƌŝĐĂŶĐŚĞĞƐĞǁŚŝůĞďƵƩĞƌĂŶĚ
ghee weƌĞϬ͘ϬϮϯйŽĨƚŚĞǁŽƌůĚĂŶĚϴ͘ϯϴйŽĨĨƌŝĐĂŶƉƌŽĚƵĐƚ͘ 
ϰ͘ϮDŝĐƌŽďŝŽůŽŐŝĐĂůĐŚĂƌĂĐƚĞƌŝƐƟĐƐĂŶĚƐƚŽƌĂŐĞƐƚĂďŝůŝƚǇŽĨďƵƩĞƌ 
Butter samples were examined after storage at a refrigerator 
ƚĞŵƉĞƌĂƚƵƌĞ;ϱΣͿĨŽƌϲϬĚĂǇƐĂŶĚĂƚĂƌŽŽŵƚĞŵƉĞƌĂƚƵƌĞ;ϮϱΣͿĨŽƌϮϴ 
days. Total viable bacterial count (TVBC), coliform bacteria, yeasts and 
moulds, pseudomonas, proteolytic and lipolytic bacteria counts were 
sudied. 
ϰ͘Ϯ͘ϭdŽƚĂůǀŝĂďůĞďĂĐƚĞƌŝĂůĐŽƵŶƚ;dsͿof butter stored in the 
refrigerator and room  
ƐƐŚŽǁŶŝŶdĂďůĞ;ϰ͘ϰ), total viable bacterial count ĂƚϱΣshowed 
significant difference (PчϬ͘ϬϱͿĂŵŽŶŐƐĂŵƉůĞs from different sources 
during storage period. TVBC samples from Khartoum North significantly 
increased froŵϯ͘ϰϳцϯ͘ϯϳĂƚƚŚĞďĞŐŝŶŶŝŶŐŽĨƐƚŽƌĂŐĞƚŽϰ͘Ϯϵцϰ͘ϯϱ at 
the end, while in samples from Omdurman the count increased from 
ϯ͘ϱϮцϭ͘ϴϬ ĂƚƚŚĞďĞŐŝŶŶŝŶŐŽĨƐƚŽƌĂŐĞƚŽϰ͘ϰϬцϯ͘Ϯϰ at the end, and ina 
ƐĂŵƉůĞƐĨƌŽŵƚŚĞĚĂŝƌǇƉůĂŶƚŝŶĐƌĞĂƐĞĚĨƌŽŵϮ͘ϳϬцϭ͘ϬϬ ƚŽϯ͘ϵϲцϭ.ϳϬ at 
the end of storage, while samples manufactured in the laboratory 
ŝŶĐƌĞĂƐĞĚĨƌŽŵϮ͘ϵϵцϭ͘ϮϴĂƚƚŚĞďĞŐŝŶŶŝŶŐƚŽϯ͘ϵϱцϭ͘ϴϳ at the end of 
ƐƚŽƌĂŐĞ;dĂďůĞϰ͘ϰͿ͘ 
ƚƌŽŽŵƚĞŵƉĞƌĂƚƵƌĞ;ϮϱΣͿ͕dVŝŶĐƌĞĂƐĞĚĨƌŽŵϯ͘ϰϳ±ϭ͘ϴϰ, 
ϯ͘ϱϮ±ϭ͘ϴϬ͕Ϯ͘ϳϬ±ϭ͘ϬϬ ĂŶĚϮ͘ϵϵ±ϭ͘Ϯϴ in samples from Khartoum North,  
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Omdurman ͕ĚĂŝƌǇƉůĂŶƚĂŶĚƚŚĞůĂďŽƌĂƚŽƌǇĂƚĚĂǇǌĞƌŽƚŽϳ͘Ϯϰ±ϲ͘Ϯϴ, 
ϱ͘ϳϭ±ϰ͘ϮϮ͕ϳ͘ϲϴ±ϱ͘ϴϱ ĂŶĚϳ͘ϴϵ±ϱ͘ϲϱ, respectively at the end. 
These results were in agreement with Samet-Bali et al ͘;ϮϬϬϵͿ
who reported total microbial count ŽĨϰ͘ϳϬцϬ͘ϬϱŝŶƚƌĂĚŝƟŽŶĂůdunisan 
ďƵƩĞƌ͕ǁŚŝůĞ<ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϲ) reported that the mean plate 
counts of different microbial groups of butter from camel milk (Shemn) 
ĐŽůĞĐƚĞĚĨƌŽŵĨŽƵƌƌĞŐŝŽŶƐŽĨůŐĞƌŝĂŶ^ĂŚĂƌǁĞƌĞϯ͘ϱϱцϬ͘ϭϮ͕Ϯ͘ϳϲцϬ͘ϭϵ͕
ϯ͘ϴϴцϬ͘Ϯϯ ĂŶĚϯ͘ϱϰцϬ͘ϭϵ͕ƌĞƐƉĞĐƟǀĞůǇ͘dŚĞƌĞƐƵůƚƐĂůƐŽĂŐƌĞĞĚǁŝƚŚ
Idoui et al ͘;ϮϬϭϬͿǁŚŽĨŽƵŶĚůŐĞƌŝĂŶďƵƩĞƌƐĂŵƉůĞƐƚŽŚĂǀĞĂ
ƌĞůĂƟǀĞůǇŚŝŐŚƚŽƚĂůďĂĐƚĞƌŝĂůĐŽƵŶƚƌĞĂĐŚŝŶŐϲϬǆϭϬϱ cfu/g and also in 
agreement with Rady ĂŶĚĂĚƌ;ϮϬϬϯͿĂŶĚ<ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϲ). 
The high count of bacteria may be attributed to the absence of heat 
treatment (ƉĂƐƚĞƵƌŝǌĂƟŽŶͿĂŶĚƐĂůƚ͘ĚĂŵĂŶĚDŽƐƐ;ϭϵϵϱͿĂƩƌŝďƵƚĞĚ
the increase in total bacterial count to the effect of both separation and 
churning processes on the breaking-up of bacterial clumps which 
increased their numbers. Also, Rady ĂŶĚĂĚƌ;ϮϬϬϯͿŝŶĚŝĐĂƚĞĚƚŚĂƚŶŽŶ
traditional butter samples had relatively high initial total bacterial count 
ƌĞĂĐŚŝŶŐϮ͘ϴǆϭϬϱ  cfu/g. They referred this to separation and churning 
and absence of salt. 
The destructive effect of gamma irradiation on bacteria was 
clearly noticeable and proportional to the applied dose as the total 
ďĂĐƚĞƌŝĂůĐŽƵŶƚƌĞĚƵĐĞĚďǇϳϱйĂŶĚϵϴ͘ϵйďǇƚŚĞĂƉƉůŝĐĂƟŽŶŽĨ
irradiation dose of Ϯ͘ϱĂŶĚϱ͘ϬŬG? , respectively, however, cold storage 
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gradually increased the total bacterial count for both irradiated and 
non-irradiated samples, but with lower rate for the former one (Rady 
and Badr, ϮϬϬϯ). 
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Table (ϰ͘ϰ): Effect of storage period (days) and temperature ( C) on total viable bacterial count (log cfu/gm) of 
butter samples 
 
Sample 
Storage condition 
Refrigerator temperature (5°C) Room temperature (25°C) 
Storage period (days) 
0 15 30 45 60 C
V 
(%
) 
Lsd0.
05 
SE± 0 7 14 21 28 C
V 
(%
) 
Lsd0.
05 
SE± 
TB. Krt. 
N. 
ϯ͘ϰϳ
eB 
цϭ͘ϯ
ϰ 
ϯ͘ϱϴ
dB 
цϮ͘ϯ
ϴ 
ϯ͘ϳϭc
B 
цϮ͘ϰ
ϭ 
ϰ͘Ϭϰ
bA 
цϮ͘ϵ
ϳ 
ϰ͘Ϯϵ
aB 
цϯ͘ϯ
ϱ 
4.0
9 
0.01
7* 
0.00
2 
ϯ͘ϰϳ
dB 
цϭ͘ϯ
ϰ 
ϰ͘ϭϯ
eB 
цϯ͘Ϭ
ϳ 
ϱ͘Ϭϯc
A 
цϰ͘ϭ
Ϭ 
ϱ͘ϳϮ
aB 
цϰ͘ϰ
ϯ 
ϳ͘Ϯϰ
bC 
цϲ͘Ϯ
ϵ 
2.9
7 
0.01
1* 
Ϭ͘ϬϬ
ϰ 
TB. 
Omd. 
ϯ͘ϱϮ
dA 
цϭ͘ϴ
Ϭ 
3.62c
A 
±2.1
2 
3.84
bA 
±2.2
1 
ϯ͘ϴϲ
bB 
цϮ͘ϰ
ϳ 
ϰ͘ϰϬ
aA 
цϯ͘Ϯ
ϰ 
3.2
0 
0.01
9* 
Ϭ͘ϬϬ
ϱ 
ϯ͘ϱϮ
dA 
цϭ͘ϴ
Ϭ 
ϰ͘ϱϮc
A 
цϯ͘ϰ
ϳ 
ϰ͘ϳϬ
bB 
цϯ͘ϰ
ϳ 
ϱ͘ϲϵ
aC 
цϰ͘Ϯ
ϯ 
ϱ͘ϳϭ
aB 
цϰ͘Ϯ
Ϯ 
3.1
4 
0.01
4* 
Ϭ͘ϬϬ
Ϯ 
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The 
dairy 
plant 
Ϯ͘ϳϬ
eD 
цϭ͘Ϭ
Ϭ 
Ϯ͘ϵϲ
dD 
цϭ͘Ϭ
Ϯ 
ϯ͘ϰϵc
C 
цϭ͘ϰ
Ϭ 
ϯ͘ϳϴ
bC 
цϭ͘ϲ
ϭ 
ϯ͘ϵϲ
aC 
цϭ͘ϳ
Ϭ 
3.5
6 
0.01
3* 
Ϭ͘ϬϬ
ϯ 
Ϯ͘ϳϬ
eD 
цϭ͘Ϭ
Ϭ 
ϯ͘ϵϲ
dC 
цϭ͘ϳ
ϴ 
ϰ͘ϳϮc
B 
цϮ͘ϲ
ϱ 
ϱ͘ϳϵ
bA 
цϯ͘ϰ
Ϭ 
ϳ͘ϲϴ
aB 
цϱ͘ϴ
ϱ 
3.4
6 
0.01
2* 
Ϭ͘ϬϬ
ϭ 
The 
laborat
ory 
Ϯ͘ϵϵ
dC 
цϭ͘Ϯ
ϴ 
Ϯ͘ϵϵ
dC 
цϭ͘Ϯ
ϴ 
ϯ͘ϯϯc
D 
цϭ͘ϱ
Ϭ 
ϯ͘ϴϲ
bB 
цϭ͘ϲ
Ϯ 
ϯ͘ϵϱ
aC 
цϭ͘ϴ
ϳ 
3.4
1 
0.01
2* 
Ϭ͘ϬϬ
ϰ 
Ϯ͘ϵϵ
eC 
цϭ͘Ϯ
ϴ 
ϯ͘ϲϭ
dD 
цϭ͘ϲ
ϱ 
ϰ͘ϱϯc
C 
цϮ͘ϲ
Ϭ 
ϱ͘ϳϮ
bB 
цϮ͘ϳ
ϵ 
ϳ͘ϴϵ
aA 
цϱ͘ϲ
ϱ 
3.5
7 
0.01
0* 
Ϭ͘ϬϬ
ϯ 
CV (%) 2.35 3.18 5.17 2.96 3.24  3.29 3.07 2.87 3.16 2.84  
LsdϬ͘Ϭϱ 0.01
5* 
0.01
3* 
0.01
4* 
0.01
2* 
0.01
4* 
0.01
1* 
0.00
7* 
0.01
2* 
0.01
4* 
0.01
1* 
SE± Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϭ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
Ϯ 
 
Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly different 
(P>0.05). 
*  = P<0.05 
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CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  =  Standard error of means 
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ŝ^ŵŝůĂƌƌĞƐƵůƚƐǁĞƌĞŽďƐĞƌǀĞĚďǇ,ĂƐƐĂŶ;ϭϵϴϰͿĂŶĚ'ŝƌŐŝƐet al. 
;ϭϵϴϯͿ͘ůŬŚŝĚŝƌ;ϮϬϬϯͿƐƚƵĚŝĞĚƚŚĞŵŝĐƌŽďŝological evaluation of market 
ďƵƩĞƌŝŶ<ŚĂƌƚŽƵŵ^ƚĂƚĞĂŶĚƌĞƉŽƌƚĞĚƚŽƚĂůĂĞƌŽďŝĐĐŽƵŶƚŽĨϭϵϱϮ
ϳϱϴ͘ϯϯĐĨƵͬŐ͘dŚese results were higher than those reported by Ibrahim 
;ϭϵϳϯͿǁŚŽĨŽƵŶĚƚŚĂƚƚŚĞŵĞĂŶƚŽƚĂůďĂĐƚĞƌŝĂůĐŽƵŶƚŝŶĨŽƵƌĚĂŝƌǇĨĂƌŵƐ
around Khartoum ǁĂƐϲ͘ϴǆϭϬϱ cfu/g. 
TVBC standard in butter as such Singhal and Kulkarnů;ϭϵϵϵͿ
reported  TVBC limit for ϱǆϭϬϱ per gm for non-cultured butter, according 
to COMESA ;ϮϬϬϯͿ͕maximum limits for TVBC count [log ϭϬϱ (cfu)] 
ĂĐĐŽƌĚŝŶŐƚŽ/^KͬϭϯϱϱϵŵĞƚŚŽĚŽĨƚĞƐƚ͘ 
The high count of TVBC in butter samples is obviously influenced 
ďǇƚŚĞŶĂƚƵƌĞĂŶĚƋƵĂůŝƚǇŽĨƚŚĞŽƌŝŐŝŶĂůŵŝůŬ;DƵƌƉŚǇ͕ϭϵϴϭͿ͘ 
ŝƌĂƌ;ϭϵϳϱͿƐƚĂƚĞĚƚŚĂƚ, under tropical conditions, many factors 
such as high temperature, absence of standard conditions for milk 
production in dairy farms lead to increase in total bacterial count in 
butter. The high microbial load is expected under conditions like Sudan 
due to the fact that high temperatures enhance growth and 
multipication of microbes. 
ϰ͘Ϯ͘ϮdŽƚĂůĐŽůŝforms of bacteria in refrigerators and room  
The results of total coliforms of butter samples under refrigerator 
and room temperatures are presented in Table (ϰ͘ϱ). 
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Total coliforms were detected in all butter samples studied. The 
coliform count significantly increased in samples from Khartoum North 
and Omdurman during storage, while coliform bacteria in Khartoum 
North ƐĂŵƉůĞƐŝŶĐƌĞĂƐĞĚĨƌŽŵϬ͘ϳϯ±Ϭ.Ϯϴ ĂƚĚĂǇǌĞƌŽƚŽϬ͘ϴϭ цϬ͘ϯϴat 
ĚĂǇϲϬ͕ƚŚĞĐŽƵŶƚŝŶĐƌĞĂƐĞĚĨƌŽŵϬ͘ϳϬцϬ͘ϯϲ ĂƚĚĂǇǌĞƌŽƚŽϬ͘ϵϳцϬ.ϰϵ at 
the end of storage in samples from Omdurman. However, no significant 
increase was observed in samples collected from the dariy plant or 
ŵĂŶƵĨĂĐƚƵƌĞĚŝŶƚŚĞůĂďŽƌĂƚŽƌǇ;dĂďůĞϰ.ϱ) in samples stored in 
refrigerator. 
The coliform bacteria in samples stored at room temperature 
significantly increased in all treatments during storage. The count 
ŝŶĐƌĞĂƐĞĚĨƌŽŵϬ͘ϳϯцϬ͘Ϯϴ͕Ϭ͘ϳϬцϬ͘ϱϲ͕Ϭ͘ϴϲцϬ͘ϬϬ ĂŶĚϬ͘ϵϳцϬ͘ϬϬ in 
samples from Khartoum North, Omdurman, dairy plant and the 
laboratory, respectively at day zero, to Ϯ͘ϭϰ ±Ϭ͘ϵϳ͕Ϯ͘ϱϭ±ϭ͘Ϭϭ, Ϯ͘ϯϴцϬ͘ϬϬ 
ĂŶĚϮ͘ϰϭцϬ͘ϬϬ at the end of storage period. 
The microflora of butter samples reflects the quality of the cream, 
the sanitary condition of equipment used in manufacturing butter and 
environmental and sanitary conditions during packaging and handling of 
such products (Richter et al͕͘ϭϵϵϮͿ͘ 
Many reports dealing with occurrence of coliforms in butter were 
accumulated. In these studies, various rates of contamination by 
ĐŽůŝĨŽƌŵƐǁĞƌĞƌĞƉŽƌƚĞĚďǇ'ŚŽŶĞŝŵ;ϭϵϲϯ), ĂŬŚĞĞƚ;ϭϵϳϵͿ, El-Essawy 
;ϭϵϴϬͿ, Ahmed et al ͘;ϭϵϴϳͿ, ,ĞŶŝŶĂŶĚ<ĂůĚĞƐ;ϭϵϵϮͿ, ůŬŚŽůǇ;ϭϵϵϰͿ, El-
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KŽƐŝ;ϮϬϬϭͿ and <ĂƌĂŐŽǌůƵĂŶĚƌŐŽŶƵů;ϮϬϬϴͿĂƐϯϱ͕ϲϳ͕ϴϮ͕ϳϳ͘ϱ͕ϳϮ͕
ϭϬϬ͕ϵϲ͘ϲϭĂŶĚϲϲ͘ϳйŽĨĞǆĂŵŝŶĞĚďƵƩĞƌƐĂŵƉůĞƐ͕ƌĞƐƉĞĐƟǀĞůǇ͘ 
According to KD^;ϮϬϬϯͿ, total colifoirms of butter samples 
ƐŚŽƵůĚŶŽƚĞǆĐĞĞĚƚŚĞůŝŵŝƚŽĨϭϬͬŐ͕ĂŶĚZŽďŝŶƐŽŶ;ϮϬϬϮ) suggested that 
the standard ƐŚŽƵůĚďĞфϭϬͬŐ͘/ŶƚŚŝƐƐƚƵĚǇ͕ƐĂŵƉůĞƐŽĨďƵƩĞƌĂƚƌŽŽŵ
temperature were found to be highly contaminated with fecal coliforms 
exceeding these limits although samples under refrigerator temperature 
were within the recommended limits during the storage time. 
Coliforms in butter are indicators of poor hygiene and potential 
ƌŝƐŬŽĨĨŽŽĚƉŽŝƐŽŶŝŶŐ;tŝůďĞǇ͕ϮϬϬϮͿ͘/ŶƚŚĞƉƌĞƐĞŶƚƐƚƵĚǇ͕ƚŽƚĂů
ĐŽůŝĨŽƌŵĐŽƵŶƚƌĂŶŐĞĚďĞƚǁĞĞŶϬ͘ϳϬ-Ϭ͘ϵϳ in the refrigerator 
temperature ĂŶĚϬ͘ϳϬ-Ϯ͘ϰϭĂƚƌŽŽŵƚĞŵƉĞƌĂƚƵƌĞ͘<ĂĐĞŵĂŶĚ<ĂƌĂŵ
;ϮϬϬϲͿƌĞƉŽƌƚĞĚĐŽůŝĨŽƌŵďĂĐƚĞƌŝĂĐŽƵŶƚŽĨϬ͘ϵϬ-ϭ͘ϲϲůŽŐĐĨƵͬŐŵ at 
refrigertor temperature. 
<ĂƌĂŒŽǌůƵĂŶĚƌŒŽŶƵů;ϮϬϬϴͿƌĞƉŽƌƚĞĚƚŚĂƚĐŽůŝĨŽƌŵĂŶĚƚŽƚĂů
fecal coliform ĐŽƵŶƚŽĨƚŚĞƐĂŵƉůĞƐǁĞƌĞĨŽƵŶĚďĞƚǁĞĞŶфϯ-хϭϰϬϬĐĨƵͬŐ
although according to the Turkish Food Codex Anonymous (ϮϬϬϭ), 
contamination for microbiological criteria for food, total coliforms and 
ƚŽƚĂůĨĞĐĂůĐŽůŝĨŽƌŵĐŽƵŶƚƐƐŚŽƵůĚŶŽƚĞǆĐĞĞĚϵĐĨƵͬŐm. 
OzuůƉ;ϭϵϳϴͿŝŶĚŝĐĂƚĞĚƚŚĂƚĂǀĞƌĂŐĞĐŽŶƚĞŶƚŽĨĐŽůŝĨŽƌŵ
ŵŝĐƌŽŽƌŐĂŶŝƐŵƐŝŶďƵƩĞƌƐŽůĚŝŶĚŝīĞƌĞŶƚƌĞŐŝŽŶƐŽĨdƵƌŬĞǇǁĂƐϱ͘ϴ
ĐĨƵͬŐ͘<ŽĐĂ;ϭϵϴϰͿŝŶǀĞƐƟŐĂƚĞĚďƵƩĞƌĐŽŶƐƵŵĞĚŝŶƌǌƵƌƵŵĐŝƚǇ center 
;dƵƌŬĞǇͿĂŶĚĨŽƵŶĚƚŚĂƚϱϳйŽĨƚŚĞƐĂŵƉůĞƐǁĞƌĞĐŽŶƚĂŵŝŶĂƚĞĚǁŝƚŚ
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
coliform microorganisms, ϯϬйŽĨǁŚŝĐŚwere highly contaminated with 
count of ϭ͘ϬǆϭϬϯ cfu/gm. 
ůŬŚŝĚŝƌ;ϮϬϬϯͿŽďƐĞƌǀĞĚƚŚĂƚϰϭ͘ϳϭйŽĨďƵƩĞƌsamples examined 
in Khartoum State had total coliforms in the range of  шϭϬ to чϭϰϬϬ
MPN/g. Particularly, the locally manufactured one which has a mean of 
ϱϯϱ͘ϭDWEͬŐ͘ 
ZĂĚǇĂŶĚĂĚƌ;ϮϬϬϯͿƌĞƉŽƌƚĞĚƚŚĞƉƌĞƐĞŶĐĞŽĨĐŽůŝĨŽƌŵƐŝŶŶŽŶ-
irradiated butter samples in counts reaching Ϯ͘ϴǆϭϬϯ cfu/g. The presence 
ŽĨĐŽůŝĨŽƌŵŝŶďƵƩĞƌǁĂƐƉƌĞǀŝŽƵƐůǇƌĞƉŽƌƚĞĚďǇ,ĂƐƐĂŶ;ϭϵϴϰͿĂŶĚ
Collins et al ͘;ϭϵϴϵͿ͘dƌĞĂƟŶŐďƵƩĞƌƐĂŵƉůĞďǇŐĂŵŵĂƌĂǇƐĂƚa dose of 
Ϯ͘ϱŬ'ɶŐƌĞĂƚůǇƌĞĚƵced the initial coliform ĐŽƵŶƚďǇϭ͘ϰcycle.  
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dĂďůĞ;ϰ͘ϱͿ͗īĞĐƚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚ;ĚĂǇƐ) and temperature ( C) on coliforms (log cfu/gm) of butter 
samples 
Sample 
Storage condition 
Refrigerator temperature (5°C) Room temperature (25°C) 
Storage period (days) 
0 15 30 45 60 C
V 
(
%
) 
Lsd0
.05 
SE
± 
0 7 14 21 28 C
V 
(
%
) 
Lsd0
.05 
SE
± 
TB. Krt. 
N. 
0.73
cD 
±0.2
8 
0.74
cC 
±0.2
7 
0.76
bC 
±0.2
4 
0.76
bC 
±0.2
4 
0.81a
D 
±0.3
8 
4.1
2 
0.01
1* 
0.0
06 
0.73
eC 
±0.2
8 
ϭ͘Ϯϱ
dC 
цϬ͘ϴ
ϲ 
1.44
cD 
±0.9
3 
1.90
bD 
±0.9
8 
2.14
aD 
±0.9
7 
2.8
8 
0.01
5* 
Ϭ͘Ϭ
ϬϮ 
TB. 
Omd. 
0.70
dC 
±0.3
6 
0.74
cC 
±0.3
7 
0.87
bB 
±0.4
1 
0.87
bB 
±0.4
1 
0.93a
B 
±0.4
9 
3.2
9 
0.01
7* 
Ϭ͘Ϭ
Ϭϰ 
0.70
eD 
±0.3
6 
1.36
dB 
±0.9
1 
1.61
cC 
±0.9
7 
2.17
bC 
±0.9
9 
2.51
aB 
±1.0
1 
3.5
2 
0.01
3* 
Ϭ͘Ϭ
Ϭϱ 
The 0.86 0.86 0.86 0.86 0.86
a
3.1 0.01 Ϭ͘Ϭ
0.86 1.38 1.64 2.08 2.38
3.4 0.01 Ϭ͘Ϭ
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dairy 
plant 
aB 
±0.0
0 
aB 
±0.0
0 
aB 
±0.0
0 
aB 
±0.0
0 
C 
±0.0
0 
7 5* Ϭϱ eB 
±0.0
0 
dB 
±0.0
0 
cB 
±0.0
0 
bB 
±0.0
0 
aC 
±0.0
0 
6 1* Ϭϴ 
The 
laborat
ory 
0.97
aA 
±0.0
0 
0.97
aA 
±0.0
0 
0.97
aA 
±0.0
0 
0.97
aA 
±0.0
0 
0.97a
A 
±0.0
0 
3.4
8 
0.01
1* 
Ϭ͘Ϭ
Ϭϳ 
0.97
eA 
±0.0
0 
1.64
dA 
±0.0
0 
2.08
cA 
±0.0
0 
2.38
bA 
±0.0
0 
Ϯ͘ϰϭ
aA 
цϬ͘Ϭ
Ϭ 
3.3
4 
0.00
9* 
Ϭ͘Ϭ
Ϭϲ 
CV (%) 2.29 3.05 5.48 2.99 3.37  3.41 3.17 2.56 3.84 2.66  
LsdϬ͘Ϭϱ 0.01
2* 
0.01
7* 
0.01
1* 
0.01
3* 
0.01
0n.s 
0.00
8* 
0.00
5* 
0.00
9* 
0.00
7* 
0.01
4* 
SE± Ϭ͘ϬϬ
ϵ 
Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϭ 
Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϭ 
Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly 
different (P>0.05). 
n.s = not significant 
*  = P<0.05 
CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  =  Standard error of means 
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However, another gradual increase in the count was observed for 
ĐŽŶƚƌŽůĂŶĚϮ͘ϱŬ'ɶŝƌƌĂĚŝĂƚĞĚƐĂŵƉůĞƐ͘dŚĞŵƵůƟƉůŝĐĂƟŽŶŽĨĐĞƌƚĂŝŶ
ĐŽůŝĨŽƌŵƐĂƚƚĞŵƉĞƌĂƚƵƌĞƐĞǀĞŶďĞůŽǁϰ͘ϰǁĂƐĂůƐŽƌĞƉŽƌƚĞĚďǇdŽŵƉŬŝŶ
;ϭϵϴϯͿ͘ZĞŐĂƌĚŝŶŐƐĂŵƉůĞƐŝƌƌĂĚŝĂƚĞĚĂƚϱŬ'ɶĚŽƐĞ͕ĐŽůŝĨŽƌŵƐǁĞƌĞ
completely eliminated as they were not detected post-treatment and 
upon storage of samples. 
ϰ͘Ϯ͘ϯzĞĂƐƚƐĂŶĚŵŽƵůĚĐŽƵŶƚƐof butter in the refrigerator and room 
temperature  
Yeasts and moulds counts also followed the same trend as 
coliform bacteria count significantly increasing during storage at 
refrigerator and room temperatures (TĂďůĞϰ͘ϲ). The count increased 
ĨƌŽŵϮ͘ϱϳ±Ϭ͘ϱϳ͕Ϯ͘ϲϮ±Ϭ͘ϱϳ͕Ϯ͘ϳϳ±Ϭ͘ϳϴ ĂŶĚϮ͘ϰϵ±Ϭ͘ϱϭ at the beginning to 
ϯ͘ϯϵ±Ϭ͘ϱϲ͕Ϯ͘ϵϰ±Ϭ͘ϴϬ͕ϯ͘Ϭϯ±Ϭ͘Ϭϲ ĂŶĚϯ͘ϬϴцϬ͘ϯϬ at the end of storage for 
samples from Khartoum North, Omdurman, dairy plant and the 
laboratory, respectively. 
These results are in agreement with Samet-Bali et al ͘;ϮϬϬϵͿǁŚŽ
reported yeasts and moulds count of ϰ͘ϴϬ Ϭ͘ϬϬ in Turkish butter. 
<ĂƌĂŐŽƐŚŽĂŶĚƌŐŽŶƵů;ϮϬϬϴͿƌĞƉŽƌƚĞĚƚŚĂƚǇĞĂƐƚĂŶĚŵŽƵůĚĐŽƵŶƚƐ of 
butter ǁĞƌĞĨŽƵŶĚƚŽďĞŝŶƚŚĞƌĂŶŐĞŽĨфϭ͘ϬϬ-ϲ͘ϲϮůŽŐϭϬ cfu/g. Only 
three samples of butter ;ϳйͿwere ƵŶĚĞƌƚŚĞůŝŵŝƚŽĨϮůŽŐϭϬ cfu/g, which 
ŝƐŐŝǀĞŶŝŶdƵƌŬŝƐŚŽĚĞǆĂƐĐƌŝƟĐĂůůŝŵŝƚĨŽƌďƵƩĞƌ;ŶŽŶǇŵŽƵƐ͕ϮϬϬϭͿ͘ 
OzaůƉ;ϭϵϳϴͿŝŶǀĞƐƟŐĂƚĞĚďƵƩĞƌƐĂmples collected from several 
regions of Turkey, and the average mould and yeast count was found to 
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be ϱ͘ϱǆϭϬϰ ĐĨƵͬŐĨŽƌďƵƩĞƌƉƌŽĚƵĐĞĚĨƌŽŵƌĂǁŵŝůŬĂŶĚϯ͘ϱǆϭϬϯ cfu/g 
for butter produced from pasteurized milk. Also, Ozdemir ;ϭϵϴϲͿĨŽƵŶĚ
that, mould sand yeast count of the breakfast butter sold in Erzurum 
ƌĞŐŝŽŶǁĂƐĨŽƵŶĚƚŽďĞϮ͘ϳǆϭϬϰ-ϵ͘ϰǆϭϬϱ cfu/g. 
  Butter produced in Saudi Arabia under the name of ‘cooked 
butter’ was examined by Seham et al ͘;ϭϵϴϰͿĂŶĚǇĞĂƐƚĂŶĚŵŽƵůĚ
ĐŽƵŶƚƐǁĞƌĞϰ͘ϮǆϭϬϯ cfu/g. According to Paula et al ͘;ϭϵϴϵͿ, ϱϬйŽĨƚŚĞ
butter consumed in Brazil was highly contaminated with moulds. As 
Ahmed    et al ͘;ϭϵϴϳͿƌĞƉŽƌƚĞĚŝŶŐǇƉƚ, moulds and yeasts count of 
butter was ϳ͘ϭϭǆϭϬϮ ĂŶĚϭ͘ϵǆϭϬϰ ĐĨƵͬŐ͘ŽŶ;ϭϵϵϬͿĨŽƵŶĚϵϮ͘ϳϲйŽĨƚŚĞ
butter was contaminated with moulds and yeasts. 
The presence of moulds and yeasts in butter is objectionable as 
they grow at a wide range of temperature and pH-value resulting in 
surface discoloration and off-ŇĂǀŽƌ;/D &^͕ϮϬϬϱͿ͘ 
However, even more serious concern is that some moulds are 
capable of producing toxic metabolites known as mycotoxins, some of 
which such as aflatoxins are known to be carcinogenic (Bullerman, 
ϭϵϴϭͿ͘ 
Generally, the microbial contamination of butter could be 
attributed to the fact that it is usually made from raw cream, in addition 
to primitive method of processing, handling, storage and marketing. 
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Idoui et al ͘;ϮϬϭϬͿƌĞƉŽƌƚĞĚŚŝŐŚǇĞĂƐƚƐĐŽƵŶƚin butter exceeding 
Ϭ͘ϭǆϭϬϯ cfu/g. They said that this result is not surprising because yeasts 
were routinely isolated from these products. In a previous study, yeasts 
and moulds have been detected with high counts in butter (Rady and 
ĂĚƌ͕ϮϬϬϯ; Kacem and Karaŵ͕ϮϬϬϲͿ͘ 
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dĂďůĞ;ϰ͘ϲͿ͗īĞĐƚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚ;ĚĂǇƐͿĂŶĚƚĞŵƉĞƌĂƚƵƌĞ;C) on yeasts and moulds (log cfu/gm) of butter 
samples 
Sample 
Storage condition 
Refrigerator temperature (5°C) Room temperature (25°C) 
Storage period (days) 
0 15 30 45 60 C
V 
(
%
) 
Lsd0
.05 
SE
± 
0 7 14 21 28 C
V 
(
%
) 
Lsd0
.05 
SE
± 
TB. Krt. 
N. 
Ϯ͘ϱϳ
eC 
цϬ͘ϱ
ϲ 
Ϯ͘ϲϴ
dD 
цϬ͘ϰ
ϯ 
Ϯ͘ϴϳ
cC 
цϬ͘ϱ
ϰ 
ϯ͘Ϭϴ
bA 
цϬ͘ϴ
ϳ 
ϯ͘ϯϵ
aA 
цϬ͘ϱ
ϲ 
4.1
9 
0.01
8* 
0.0
03 
Ϯ͘ϱϳ
eC 
цϬ͘ϱ
ϲ 
ϯ͘ϱϭ
dD 
цϬ͘ϯ
ϲ 
ϯ͘ϳϲ
cD 
цϬ͘ϰ
ϲ 
ϰ͘ϯϯ
bC 
цϬ͘ϰ
ϯ 
ϰ͘ϴϯ
aC 
цϬ͘ϵ
Ϭ 
2.5
2 
0.01
5* 
Ϭ͘Ϭ
Ϭϵ 
TB. 
Omd. 
Ϯ͘ϲϮ
eB 
цϬ͘ϱ
ϳ 
Ϯ͘ϳϰ
dC 
цϬ͘Ϯ
Ϭ 
Ϯ͘ϴϯ
cD 
цϬ͘ϯ
ϭ 
Ϯ͘ϴϳ
bC 
цϬ͘Ϯ
ϴ 
Ϯ͘ϵϰ
aC 
цϬ͘ϴ
Ϭ 
3.5
5 
0.02
2* 
Ϭ͘Ϭ
Ϭϰ 
Ϯ͘ϲϮ
eB 
цϬ͘ϱ
ϳ 
ϯ͘ϳϴ
dA 
цϬ͘ϵ
ϭ 
ϰ͘ϭϮ
cA 
цϬ͘ϴ
ϭ 
ϰ͘ϱϵ
bA 
цϬ͘ϰ
ϰ 
ϰ͘ϴϵ
aB 
цϬ͘ϰ
ϰ 
3.3
9 
0.01
3* 
Ϭ͘Ϭ
Ϭϳ 
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The 
dairy 
plant 
Ϯ͘ϳϳ
eA 
цϬ͘ϳ
ϴ 
2.86
dA 
±0.7
0 
Ϯ͘ϵϯ
cA 
цϬ͘ϳ
Ϭ 
Ϯ͘ϵϲ
bB 
цϬ͘ϳ
ϴ 
ϯ͘Ϭϯ
aB 
цϬ͘Ϭ
ϲ 
3.3
1 
0.03
9* 
Ϭ͘Ϭ
Ϭϳ 
Ϯ͘ϳϳ
eA 
цϬ͘ϳ
ϴ 
ϯ͘ϲϬ
dC 
цϬ͘ϱ
ϰ 
ϯ͘ϵϰ
cB 
цϬ͘ϲ
ϲ 
ϰ͘ϯϳ
bB 
цϬ͘Ϭ
ϲ 
ϰ͘ϵϰ
aA 
цϬ͘ϳ
ϳ 
3.4
1 
0.01
3* 
Ϭ͘Ϭ
Ϭϱ 
The 
laborat
ory 
Ϯ͘ϰϵ
eD 
цϬ͘ϱ
ϭ 
2.80
dB 
±0.8
2 
Ϯ͘ϵϭ
cB 
цϬ͘ϲ
Ϭ 
Ϯ͘ϵϳ
bB 
цϬ͘ϲ
Ϭ 
ϯ͘Ϭϴ
aB 
цϬ͘ϯ
Ϭ 
3.9
4 
0.02
1* 
Ϭ͘Ϭ
ϬϮ 
Ϯ͘ϰϵ
eD 
цϬ͘ϱ
ϭ 
ϯ͘ϲϵ
dB 
цϬ͘ϴ
ϱ 
ϯ͘ϵϬ
cC 
цϬ͘ϲ
Ϭ 
ϰ͘ϯϵ
bB 
цϬ͘ϲ
ϭ 
ϰ͘ϵϬ
aB 
цϬ͘ϳ
ϵ 
3.5
5 
0.00
7* 
Ϭ͘Ϭ
Ϭϰ 
CV (%) 2.51 3.13 5.58 2.41 3.28  3.41 3.16 2.57 3.36 2.47  
LsdϬ͘Ϭϱ 0.01
6* 
0.01
4* 
0.00
9* 
0.01
7* 
0.01
2* 
0.01
8* 
0.01
1* 
0.01
6* 
0.02
0* 
0.01
7* 
SE± Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϵ 
Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϭ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϯ 
 
Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly 
different (P>0.05). 
*  = P<0.05 
CV  = Coefficient of variation 
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Lsd  = Least significant difference 
SE  = Standard error of means 
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In Khartoum State, in samples of butter examined by Elkhidir 
;ϮϬϬϯͿǇĞĂƐƚs and moulds count were ϴ͘ϳǆϭϬϰ cfu/g. Rady and Bader 
;ϮϬϬϯͿƌĞƉŽƌƚĞĚĂŶŝŶŝƟĂůĐŽƵŶƚŽĨϭǆϭϬϯ cfu/g for the mould and yeasts, 
while no viable colony was detected in butter samples after treatment 
by gamma irradiation. Upon cold storage, the initial count of moulds and 
yeasts gradually increased with high in rates-control samples till their 
rejection. 
It has been reported that low water activity is a natural condition 
in butter and with the high lipid content, mould spoilage can be the 
main problem (Gray and Sorhaug ͕ϭϵϵϯͿ͘ 
ϰ͘Ϯ͘ϰWƐǇĐŚŽƚƌŽƉŝĐďĂĐƚĞƌŝĂ in butter in the refrigerator and room 
temperature  
In this study, all of the samples were contaminated with 
psychotropic gram negative bacteria such as Pseudomonas ssp. Table 
(ϰ͘ϳͿ showed the result of Pseudomonas ssp. count under refrigerator 
and room temperature, respectively. The mean count ranged from ϯ͘ϯϱ-
Ϯ͘ϳϭ͕Ϯ͘Ϯϲ-ϯ͘Ϭϳ͕Ϯ͘ϱϬ-Ϯ͘ϴϵ͖Ϯ͘ϲϭ-Ϯ͘ϵϲ͖Ϯ͘ϯϱ-ϯ͘ϴϯ͕Ϯ͘Ϯϲ-ϯ͘ϰϱ͕Ϯ͘ϱϬ-ϯ͘ϱϱĂŶĚ
Ϯ͘ϲϬ-ϯ͘ϴϱĨŽƌďutter samples; collected from Khartoum North, 
Omdurman, the dairy plant, and the labortaory, respectively. This result 
disagreed ǁŝƚŚ<ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϲͿǁŚŽƌĞƉŽƌƚĞĚŵĞĂŶůŽŐĐŽƵŶƚ
of ϭ͘Ϭϱ ϭ͘ϱϯ͘ 
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Nusty off-ŇĂǀŽƵƌŝŶĐƌĞĂŵŽƌďƵƩĞƌŝƐŽŌĞŶĚƵĞƚŽϮŵĞƚŚŽǆǇ͘ϯ͘ 
alkypy-razine produced by Pseudomonas taetroleus which is a 
ƉƐǇĐŚŽƚƌŽƉŝĐƐƚƌĂŝŶ;DŽƌŐĂŶ͕ϭϵϳϲͿ͘ 
As butter and other similar dairy products are rich in nutrients, 
they are vulnerable to spoilage by a number of microorganisms even at 
low temperature. The various enzymes that contribute to the spoilage 
of dairy food products are mainly lipase and protease beside 
carbohydrate oxidizing enzymes. The common genera of 
microorganisms involved are Pseudomonas, Seviatia, Acinetobacter, 
DŽƌĞǆĞůĂ͕ĞƚĐ͘;tŝƩĞƌ͕ϭϵϲϭͿ͘tĂƚĞƌĂŶĚƐŽŝůĂƌĞƉƌŝŵĂƌǇƐŽƵƌĐĞƐŽĨ
these organisms (Frank, ϭϵϵϳ͖:ĂǇ͕ϮϬϬϬͿ͘ 
Pseudomonas ssp. was capable of producing lipase, which was 
ƐŚŽǁŝŶŐƐŝŐŶŝĮĐĂŶƚĂĐƟǀŝƚǇĂƚϱC (David et al͕͘ϮϬϬϴ). Pseudomonas 
aeruginosa was able to produce a mesophilic lipase, which was active at 
ϮϱC. In a recent study, Manjiri et al ͘;ϮϬϭϬͿƌĞǀĞĂůĞĚƚhat a single 
organism like Pseudomonas aeruginosa could show such pattern of 
lipolysis leading to severe economic loss to many dairy industries, which 
do not take sufficient precautions of proper sanitation and hygiene of a 
sensitive product like unsalted butter and intermediate raw material for 
other dairy products. 
ϰ͘Ϯ͘ϱWƌŽƚĞŽůǇƟĐďĂĐƚĞƌŝĂŝŶbutter in the refrigerator and room 
temperature  
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/ŶƚŚŝƐƐƚƵĚǇĂƐƐŚŽǁŶŝŶdĂďůĞϰ͘ϴ, samples from Khartoum 
North, Omdurman, the dairy plant and the laboratory were examined 
for proteolytic bacteria. The count significantly increased during storage 
period in samples stored at refrigerator and room temperatures. The 
ĐŽƵŶƚŝŶĐƌĞĂƐĞĚĨƌŽŵϮ͘ϯϱцϬ͘ϬϬ͕Ϯ͘Ϯϲ±Ϭ͘Ϯϴ͕Ϯ͘ϱϬ±Ϭ͘ϲϭ ĂŶĚϮ͘ϲϭ±Ϭ͘ϲϱ at 
ĚĂǇǌĞƌŽƚŽϮ͘ϳϭ±Ϭ͘ϲϰ͕ϯ͘Ϭϲ±Ϭ͘ϳϴ͕Ϯ͘ϴϵ±Ϭ͘ϴϮ ĂŶĚϮ͘ϵϲ±Ϭ͘ϳϱat the end of 
samples stotred at refrigerator, while the count in samples stored at 
room  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
dĂďůĞ;ϰ͘ϳͿ͗īĞĐƚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚ;ĚĂǇƐͿĂŶĚƚĞŵƉĞƌĂƚƵƌĞ;C) on pseudomonas (log cfu/gm) of butter 
samples 
Sample 
Storage condition 
Refrigerator temperature (5°C) Room temperature (25°C) 
Storage period (days) 
0 15 30 45 60 C
V 
(
%
) 
Lsd0
.05 
SE
± 
0 7 14 21 28 C
V 
(
%
) 
Lsd0
.05 
SE
± 
TB. Krt. 
N. 
ϯ͘ϯϱ
aA 
цϬ͘ϰ
ϯ 
Ϯ͘ϰϰ
eC 
цϬ͘ϭ
ϳ 
Ϯ͘ϱϰ
dC 
цϬ͘ϰ
ϵ 
Ϯ͘ϲϲ
cD 
цϬ͘ϱ
ϵ 
Ϯ͘ϳϭ
bD 
цϬ͘ϲ
ϰ 
4.2
5 
0.01
3* 
0.0
06 
ϯ͘ϯϱ
cA 
цϬ͘ϰ
ϯ 
Ϯ͘ϴϯ
eB 
цϬ͘ϱ
ϭ 
ϯ͘Ϯϯ
dA 
цϬ͘ϰ
ϲ 
ϯ͘ϲϵ
bB 
цϬ͘ϴ
ϰ 
ϯ͘ϴϯ
aA 
цϬ͘Ϭ
ϴ 
2.6
6 
0.01
2* 
Ϭ͘Ϭ
Ϭϭ 
TB. 
Omd. 
Ϯ͘Ϯϲ
eD 
цϬ͘Ϯ
ϴ 
Ϯ͘ϰϲ
dC 
цϬ͘ϱ
ϴ 
Ϯ͘ϲϰ
cB 
цϬ͘ϰ
ϱ 
Ϯ͘ϴϯ
bB 
цϬ͘Ϯ
ϱ 
ϯ͘Ϭϳ
aA 
цϬ͘ϳ
ϴ 
3.3
9 
0.01
5* 
Ϭ͘Ϭ
Ϭϰ 
Ϯ͘Ϯϲ
eD 
цϬ͘Ϯ
ϴ 
Ϯ͘ϰϮ
dD 
цϬ͘ϰ
ϰ 
Ϯ͘ϱϵ
cD 
цϬ͘ϲ
ϭ 
ϯ͘ϰϮ
bD 
цϬ͘ϱ
ϱ 
ϯ͘ϰϱ
aC 
цϬ͘ϱ
ϲ 
3.2
5 
0.01
5* 
Ϭ͘Ϭ
Ϭϯ 
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plant 
Ϯ͘ϱϬ
eC 
цϬ͘ϲ
Ϭ 
Ϯ͘ϱϰ
dB 
цϬ͘ϲ
ϴ 
Ϯ͘ϲϯ
cB 
цϬ͘ϲ
ϭ 
Ϯ͘ϳϯ
bC 
цϬ͘ϴ
ϵ 
Ϯ͘ϴϵ
aC 
цϬ͘ϴ
Ϯ 
3.1
6 
0.01
4* 
Ϭ͘Ϭ
Ϭϳ 
Ϯ͘ϱϬ
eC 
цϬ͘ϲ
Ϭ 
Ϯ͘ϵϮ
dA 
цϬ͘ϳ
ϳ 
Ϯ͘ϵϴ
cB 
цϬ͘ϵ
ϰ 
ϯ͘ϰϵ
bC 
цϬ͘ϱ
ϲ 
ϯ͘ϱϱ
aB 
цϬ͘ϱ
ϳ 
3.4
0 
0.01
6* 
Ϭ͘Ϭ
ϬϮ 
The 
laborat
ory 
Ϯ͘ϲϭ
eB 
цϬ͘ϲ
ϱ 
Ϯ͘ϲϲ
dA 
цϬ͘ϲ
ϵ 
Ϯ͘ϳϰ
cA 
цϬ͘ϳ
Ϭ 
Ϯ͘ϴϲ
bA 
цϬ͘ϵ
ϴ 
Ϯ͘ϵϲ
aB 
цϬ͘ϳ
ϱ 
3.4
0 
0.01
9* 
Ϭ͘Ϭ
Ϭϯ 
Ϯ͘ϲϭ
cB 
цϬ͘ϲ
ϱ 
Ϯ͘ϲϭ
cC 
цϬ͘ϱ
ϲ 
Ϯ͘ϵϬ
bC 
цϬ͘ϴ
ϱ 
ϯ͘ϴϰ
aA 
цϬ͘Ϯ
ϵ 
ϯ͘ϴϱ
aA 
цϬ͘ϯ
Ϭ 
3.7
1 
0.01
7* 
Ϭ͘Ϭ
Ϭϱ 
CV (%) 2.59 3.64 5.43 2.84 3.58  3.41 3.84 2.31 3.15 2.77  
LsdϬ͘Ϭϱ 0.00
9* 
0.01
5* 
0.01
1* 
0.01
8* 
0.01
1* 
0.00
8* 
0.01
5* 
0.01
3* 
0.01
2* 
0.01
0* 
SE± Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϴ 
Ϭ͘ϬϬ
ϭ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϲ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϵ 
Ϭ͘ϬϬ
ϱ 
 
Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly 
different (P>0.05). 
*  = P<0.05 
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CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  =  Standard error of means 
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ƚĞŵƉĞƌĂƚƵƌĞŝŶĐƌĞĂƐĞĚƚŽϯ͘ϵϰцϬ͘ϰϮ͕ϰ͘ϬϮцϬ͘ϵϳ͕ϯ͘ϵϴцϬ͘ϲϮĂŶĚ
ϯ͘ϵϳцϬ͘ϲϭĂƚƚŚĞĞŶĚŽĨƚŚĞƐƚŽƌĂŐĞƉĞƌŝŽĚ͘ 
Manjiri et al. ;ϮϬϭϬͿƌĞƉŽƌƚĞĚ that unsalted butter held at room 
temperature, sometimes showed high counts of lipolytic and proteolytic 
bacteria but there was no correlation with defective flavor. 
Butter is exposed to contamination with several types of micro-
organisms from different sources under stable conditions. These 
contaminants found a way to grow and multiply in butter leading to 
undesirable changes which render the product of inferior quality and 
unmarketable leading to economic losses, unfit for human consumption 
or may cause ƉƵďůŝĐŚĞĂůƚŚŚĂǌĂƌĚƐ;<ƌĂŌ͕ϭϵϵϮͿ͘Pseudomonas ssp. are 
the most important psychrotrophs, because many strains elaborated 
extracellular hydrolytic enzymes as proteases and lipases. These 
enzymes can survive pasteurization, unlike the producing organisms, 
causing a range of organolyptic defects in butter (Cyllenberg et al., ϭϵϲϯ; 
Cousin, ϭϵϴϮ͖ďĚƵŽ͕ϮϬϬϯ). 
Al Ashmawy and El-Dyasety ;ϮϬϬϴͿƌĞƉŽƌƚĞĚƚŚĂƚ, the proteolytic 
activity on skim milk agar plates of isolated Pseudomonas ssp. from 
table butter proved that all tested Pseudomonas fragi ;ϱͿ͕Pseudomonas 
fiuorescons ;ϯͿĂŶd Pseudomonas aevognosa ;ϭͿƉƌŽĚƵĐĞĚƉƌŽƚĞŽůǇƟĐ
ĂĐƟǀŝƟĞƐ;ϭϬϬйͿ͘ 
Extracellular proteinaes and lipases from psychrotrophic 
pseudomonas are recognized to be the primary microbiological spoilage 
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 
ĞŶǌǇŵĞƐŽĨĚĂŝƌǇƉƌŽĚƵĐƚƐ;^ŽƌŚĂƵŐĞĂŶĚ^ƚĞƉĂŶŝĂŬ͕ϭϵϵϭ; Vyletelova   
et al͕͘ϭϵϵϵͿ͘ 
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dĂďůĞ;ϰ͘ϴͿ͗īĞĐƚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚ;ĚĂǇƐͿĂŶĚƚĞŵƉĞƌĂƚƵƌĞ;C) on proteolytic bacteria (log cfu/gm) in 
butter samples 
Sample 
Storage condition 
Refrigerator temperature (5°C) Room temperature (25°C) 
Storage period (days) 
0 15 30 45 60 C
V 
(
%
) 
Lsd0
.05 
SE
± 
0 7 14 21 28 C
V 
(
%
) 
Lsd0
.05 
SE
± 
TB. Krt. 
N. 
Ϯ͘ϯϱ
eC 
цϬ͘Ϭ
Ϭ 
Ϯ͘ϰϰ
dC 
цϬ͘ϯ
ϵ 
Ϯ͘ϱϰ
cC 
цϬ͘ϰ
ϵ 
Ϯ͘ϲϲ
bD 
цϬ͘ϱ
ϵ 
Ϯ͘ϳϭ
aD 
цϬ͘ϲ
ϰ 
4.1
7 
0.02
5* 
0.0
01 
Ϯ͘ϯϱ
eC 
цϬ͘Ϭ
Ϭ 
Ϯ͘ϴϲ
dB 
цϬ͘ϱ
ϭ 
ϯ͘ϮϬ
cC 
цϬ͘ϰ
ϭ 
ϯ͘ϴϴ
bC 
цϬ͘ϰ
ϰ 
ϯ͘ϵϰ
aC 
цϬ͘ϰ
Ϯ 
2.5
1 
0.01
9* 
Ϭ͘Ϭ
Ϭϱ 
TB. 
Omd. 
Ϯ͘Ϯϲ
eD 
цϬ͘Ϯ
ϴ 
Ϯ͘ϰϲ
dC 
цϬ͘Ϯ
ϲ 
Ϯ͘ϲϰ
cA 
цϬ͘ϰ
ϱ 
Ϯ͘ϴϯ
bB 
цϬ͘Ϯ
ϱ 
ϯ͘Ϭϲ
aA 
цϬ͘ϳ
ϴ 
3.9
9 
0.01
5* 
Ϭ͘Ϭ
Ϭϰ 
Ϯ͘Ϯϲ
eD 
цϬ͘Ϯ
ϴ 
Ϯ͘ϴϬ
dC 
цϬ͘ϱ
ϵ 
ϯ͘Ϯϳ
cB 
цϬ͘ϰ
ϭ 
ϯ͘ϳϯ
bD 
цϬ͘ϯ
ϲ 
ϰ͘ϬϮ
aA 
цϬ͘ϵ
ϳ 
3.9
4 
0.02
1* 
Ϭ͘Ϭ
Ϭϴ 
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dairy 
plant 
Ϯ͘ϱϬ
dB 
цϬ͘ϲ
ϭ 
Ϯ͘ϰϵ
dB 
цϬ͘ϲ
ϲ 
Ϯ͘ϲϯ
cB 
цϬ͘ϲ
ϭ 
Ϯ͘ϳϯ
bC 
цϬ͘ϴ
ϵ 
Ϯ͘ϴϵ
aC 
цϬ͘ϴ
Ϯ 
3.8
1 
0.01
8* 
Ϭ͘Ϭ
Ϭϲ 
Ϯ͘ϱϬ
eB 
цϬ͘ϲ
ϭ 
Ϯ͘ϵϭ
dA 
цϬ͘ϳ
Ϯ 
ϯ͘ϭϭ
cD 
цϬ͘Ϯ
ϯ 
ϯ͘ϵϮ
bB 
цϬ͘ϱ
ϲ 
ϯ͘ϵϴ
aB 
цϬ͘ϲ
Ϯ 
3.2
3 
0.01
7* 
Ϭ͘Ϭ
Ϭϵ 
The 
laborat
ory 
Ϯ͘ϲϭ
dA 
цϬ͘ϲ
ϱ 
Ϯ͘ϲϮ
dA 
цϬ͘ϲ
ϴ 
Ϯ͘ϲϱ
cA 
цϬ͘ϳ
Ϭ 
Ϯ͘ϴϲ
bA 
цϬ͘ϵ
ϴ 
Ϯ͘ϵϲ
aB 
цϬ͘ϳ
ϱ 
3.5
3 
0.01
6* 
Ϭ͘Ϭ
ϬϮ 
Ϯ͘ϲϭ
cA 
цϬ͘ϲ
ϱ 
Ϯ͘ϲϭ
cD 
цϬ͘ϲ
Ϯ 
ϯ͘ϯϭ
bA 
цϬ͘ϱ
ϱ 
ϯ͘ϵϱ
aA 
цϬ͘ϱ
ϲ 
ϯ͘ϵϳ
aB 
цϬ͘ϲ
ϭ 
3.0
9 
0.01
6* 
Ϭ͘Ϭ
Ϭϰ 
CV (%) 2.84 3.43 5.47 2.76 3.55  3.45 3.14 2.64 3.47 2.68  
LsdϬ͘Ϭϱ 0.01
0* 
0.01
9* 
0.01
7* 
0.01
3* 
0.01
1* 
0.01
6* 
0.01
4* 
0.01
8* 
0.01
1* 
0.01
2* 
SE± Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϭ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϴ 
Ϭ͘ϬϬ
ϭ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϭ 
 
Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly 
different (P>0.05). 
*  = P<0.05 
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CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  = Standard error of means 
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 
ϰ͘Ϯ͘ϲ>ŝƉŽůǇƟĐďĂĐƚĞƌŝĂŝŶbutter in the refrigerator and room 
temperature during the storage period  
Lipolytic bacterial count followed the same trend as proteolytic 
bacteria increasing significantly during storage period in both the 
refrigerator and the ƌŽŽŵƚĞŵƉĞƌĂƚƵƌĞƐ;dĂďůĞϰ͘ϵ). 
These results are in agreement ǁŝƚŚ<ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϬͿ 
who reported mean count of lipolytic bacteria in butter collected from 
four regions to be Ϯ͘ϭϯ Ϭ͘ϯ͕Ϯ͘ϱϲ Ϭ͘Ϯϯ͕Ϯ͘ϰϮ Ϭ͘ϭϲĂŶĚϮ͘ϭϬ Ϭ͘ϭϰ͘ 
DĐŽǁĞů;ϭϵϲϵͿƌĞƉŽƌƚĞĚƚŚĂƚ, defect in the chilled cream butter 
spread to be due to lipolysis caused either by activation of the natural 
lipase of the cream or by lipolytic bacteria or both. 
ϰ͘ϯWŚǇƐŝĐŽĐŚĞŵŝĐĂůproperties of butter samples 
ϰ͘ϯ͘ϭ&ĂƚĐŽŶƚĞŶƚ 
The higheƐƚĨĂƚĐŽŶƚĞŶƚ;ϴϰ͘ϬϬ±Ϭ͘Ϭϭ%) was found in samples from 
ŐǇƉƚ͕ǁŚŝůĞƚŚĞůŽǁĞƐƚĨĂƚĐŽŶƚĞŶƚ;ϲϵ͘ϳϱцϬ͘ϱϰ%) was found in samples 
from Khartoum North (Table ϰ͘ϭϬ). These results were higher than those 
reported by Samet-Bali et al ͘;ϮϬϬϵͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚĨĂƚcontent of 
ƚƌĂĚŝƟŽŶĂůdƵŶŝƐŝĂŶďƵƩĞƌǁĂƐϲϱ͘ϳϬ Ϯ͘ϭϲй͘ 
ϰ͘ϯ͘ϮDŽŝƐƚƵƌĞĐŽŶƚĞŶƚ 
dŚĞŵŽŝƐƚƵƌĞĐŽŶƚĞŶƚƌĂŶŐĞĚďĞƚǁĞĞŶϮϴ͘ϵϴцϬ͘ϲϳ% in samples 
collected from Khartoum North ĂŶĚϭϱ͘ϰϲцϬ͘ϬϮ% in samples collected 
ĨƌŽŵŐǇƉƚ;dĂďůĞϰ͘ϭϬ). The moisture is higher in the traditional butter 
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than the limits established for industrial butter. These findings are in 
agreement with previous studies (Sagdic et al͕͘ϮϬϬϮ͖<ĂĐĞŵĂŶĚ<ĂƌĂŵ͕
ϮϬϬϲ; Idoui et al͕͘ϮϬϭϬͿ͘,ĂŵĂŵĂ;ϭϵϵϳͿƌĞƉŽƌƚĞĚthat the moisture 
content of Moroccan ƚƌĂĚŝƟŽŶĂůďƵƩĞƌƚŽďĞϮϯй͘ 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
dĂďůĞ;ϰ͘ϵͿ͗īĞĐƚŽĨƐƚŽƌĂŐĞƉĞƌŝŽĚ;ĚĂǇƐͿĂŶĚƚĞŵƉĞƌĂƚƵƌĞ;C) on lipolytic (log cfu/gm)  of butter samples 
Sample 
Storage condition 
Refrigerator temperature (5°C) Room temperature (25°C) 
Storage period (days) 
0 15 30 45 60 C
V 
(
%
) 
Lsd0
.05 
SE
± 
0 7 14 21 28 C
V 
(
%
) 
Lsd0
.05 
SE
± 
TB. Krt. 
N. 
ϭ͘ϯϯ
dA 
±Ϭ͘Ϯ
ϲ 
ϭ͘ϯϰ
dC 
±Ϭ͘Ϯ
ϳ 
ϭ͘ϰϬ
cC 
±Ϭ͘Ϯ
ϴ 
ϭ͘ϰϳ
bC 
±Ϭ͘Ϯ
ϵ 
ϭ͘ϱϰ
aD 
±Ϭ͘ϯ
Ϭ 
4.1
7 
0.01
4* 
0.0
06 
ϭ͘ϯϯ
eA 
±Ϭ͘Ϯ
ϲ 
ϭ͘ϰϮ
dD 
±Ϭ͘Ϯ
ϱ 
ϭ͘ϱϬ
cB 
±
Ϭ͘Ϯϲ 
ϭ͘ϱϲ
bB 
±
Ϭ͘ϰϵ 
ϭ͘ϲϬ
aB 
±
Ϭ͘Ϯϵ 
2.1
1 
0.00
8* 
Ϭ͘Ϭ
Ϭϯ 
TB. 
Omd. 
ϭ͘Ϭϭ
dB 
±Ϭ͘Ϯ
ϳ 
ϭ͘ϬϮ
dD 
±Ϭ͘Ϯ
ϴ 
ϭ͘Ϯϴ
cD 
±Ϭ͘ϯ
Ϯ 
ϭ͘ϰϳ
bC 
цϬ͘Ϯ
ϴ 
ϭ͘ϲϭ
aC 
цϬ͘ϯ
ϰ 
3.3
5 
0.01
5* 
Ϭ͘Ϭ
Ϭϰ 
ϭ͘Ϭϭ
eB 
±Ϭ͘Ϯ
ϳ 
ϭ͘ϰϱ
dC 
±Ϭ͘Ϯ
ϲ 
ϭ͘ϱϬ
cB 
±
Ϭ͘ϯϬ 
ϭ͘ϱϯ
bC 
±Ϭ.
ϰϰ 
ϭ͘ϱϳ
aC 
±Ϭ͘ϯ
ϵ 
3.6
1 
0.01
1* 
Ϭ͘Ϭ
Ϭϱ 
The Ϭ͘ϴϲ ϭ͘ϱϯ ϭ͘ϱϳ ϭ͘ϲϭ ϭ͘ϲϱ 3.4 0.01 Ϭ͘Ϭ
Ϭ͘ϴϲ ϭ͘ϱϴ ϭ͘ϲϱ ϭ͘ϲϵ ϭ͘ϳϯ
3.2 0.01 Ϭ͘Ϭ
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dairy 
plant 
eD 
цϬ͘Ϭ
Ϭ 
dB 
цϬ͘ϯ
Ϭ 
cB 
цϬ͘Ϯ
ϰ 
bB 
цϬ͘ϯ
ϰ 
aB 
цϬ͘ϰ
ϴ 
6 6* Ϭϱ eD 
цϬ͘Ϭ
Ϭ 
dB 
цϬ͘ϰ
Ϭ 
cA 
±
Ϭ͘ϲϭ 
bA 
±
Ϭ͘ϱϭ 
aA 
±
Ϭ͘ϰϴ 
6 5* Ϭϳ 
The 
laborat
ory 
Ϭ͘ϵϳ
dC 
цϬ͘Ϭ
Ϭ 
ϭ͘ϲϬ
cA 
цϬ͘ϯ
Ϯ 
ϭ͘ϲϯ
bA 
цϬ͘ϰ
Ϭ 
ϭ͘ϲϲ
aA 
цϬ͘ϳ
ϯ 
ϭ͘ϲϴ
aA 
цϬ͘ϰ
ϵ 
3.4
1 
0.01
4* 
Ϭ͘Ϭ
Ϭϯ 
Ϭ͘ϵϳ
eC 
цϬ͘Ϭ
Ϭ 
ϭ͘ϲϯ
dA 
цϬ͘ϰ
ϭ 
ϭ͘ϲϳ
cA 
±
Ϭ͘ϲϳ 
ϭ͘ϳϭ
bA 
±
Ϭ 
ϭ͘ϳϱ
aA 
±
Ϭ͘ϴϴ 
3.7
0 
0.01
7* 
Ϭ͘Ϭ
Ϭϱ 
CV (%) 2.58 3.46 5.11 2.84 3.70  3.46 3.88 2.13 3.44 2.73  
LsdϬ͘Ϭϱ 0.01
4* 
0.01
9* 
0.02
1* 
0.03
5* 
0.01
1* 
0.02
2* 
0.01
9* 
0.01
7* 
0.01
8* 
0.02
1* 
SE± Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
Ϯ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϳ 
Ϭ͘ϬϬ
ϱ 
Ϭ͘ϬϬ
ϯ 
Ϭ͘ϬϬ
ϰ 
Ϭ͘ϬϬ
ϲ 
Ϭ͘ϬϬ
ϯ 
 
Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly 
different (P>0.05). 
*  = P<0.05 
CV  = Coefficient of variation 
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Lsd  = Least significant difference 
SE  =  Standard error of means 
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ϰ͘ϯ͘ϯ^ŽůŝĚs-non-fat (SNF) 
The solids-non-ĨĂƚĐŽŶƚĞŶƚŽĨďƵƩĞƌǁĂƐĂƐŚŝŐŚĂƐϮ͘ϬϬϳцϬ͘Ϭϭ% 
in samples collected from the dairy plant and as low as Ϭ͘ϴϳϯцϬ͘ϬϮ% in 
samples from Egypt (dĂďůĞϰ͘ϭϬ). 
There was a significant difference in SNF content in all samples, 
except samples manufactured in the laboratory and samples from Egypt 
which are not significantly different. These results are lower than those 
ƌĞƉŽƌƚĞĚďǇDĂŬĂǁŝ;ϭϵϵϮͿǁŚŽŝŶĚŝĐĂƚĞĚƚŚĂƚ, the average solids-non-
ĨĂƚĐŽŶƚĞŶƚǁĂƐϮ͘Ϭϰϰй͘ The result reported in this study for the dairy 
plant waƐƐŝŵŝůĂƌƚŽƚŚĂƚƌĞƉŽƌƚĞĚďǇDĂŬĂǁŝ;ϭϵϵϮͿĨŽƌďƵƩĞƌĐŽůĞĐƚĞĚ
ĨƌŽŵ<ƵŬƵĂŝƌǇWůĂŶƚŝŶ^ƵĚĂŶ;Ϯ͘ϬϰϰйͿ͘ 
ϰ͘ϯ͘ϰdŝƚƌĂƚĂďůĞĂĐŝĚŝƚǇ;ĂƐйůĂĐƟĐ acid) in butter samples 
There was a significant variation in the titratable acidity of butter 
in all samples under study, except samples from the laboratory, Egypt 
and New Zealand and the highest acidity was in samples collected from 
Khartoum North ;Ϭ͘ϴϲϬцϬ͘ϯϴ%), while the lowest acidity was in samples 
ĨƌŽŵŐǇƉƚ;Ϭ͘ϮϲϬцϬ͘Ϭϭ%). 
The results were highĞƌƚŚĂŶƚŚŽƐĞƌĞƉŽƌƚĞĚďǇDĞƐŚƌĞĨ;ϮϬϭϬͿ
who found that the TA content of butter to be as high as Ϭ͘ϱϱйĂŶĚĂƐ
low as Ϭ͘ϮϬцϬ͘Ϭϭϯй͘,ŽǁĞǀĞƌ͕ƚŚĞƌĞƐƵůƚƐwere in agreement with the 
ĮŶĚŝŶŐƐŽĨůŬŚŽůǇ;ϭϵϵϰͿ͘^ĂŐĚŝĐet al ͘;ϮϬϬϮͿ, <ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϲͿ
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and Mourad and Nour-ĚĚŝŶĞ;ϮϬϬϲͿƌĞƉŽƌƚĞĚTA content of butter to 
be Ϭ͘ϯϲ-Ϭ͘ϵϬй͘ 
ϰ͘ϯ͘ϱ^ƉĞĐŝĮĐŐƌĂǀŝƚǇŽĨďƵƩĞƌƐĂŵƉůĞƐ 
There was a significant variation in specific gravity of butter 
samples collected from Khartoum North, dairy plant and the laboratory,  
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dĂďůĞ;ϰ͘ϭϬ): Physicochemical properties of butter from different sources 
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Sample Fat 
Moistur
e 
SNF 
Acidit
y 
Specifi
c 
 
gravit
y 
pH-
value 
Freezin
g  
point 
Meltin
g  
point 
Iodin
e 
value 
Saponificati
on value 
TB.Krt.N 
69.75f 
±0.54 
28.98a 
±0.67 
1.270c 
±0.40 
0.860a 
±0.38 
0.940a 
±0.01 
4.36d 
±0.14 
23.13d 
±0.84 
27.44c 
±0.86 
27.12
bc 
±2.03 
192.90d 
±7.93 
TB.Omd 70.72e 
±0.62 
28.20ab 
±0.53 
1.070cd 
±0.18 
0.595b 
±0.07 
0.900d 
±0.02 
4.30f 
±0.32 
22.67e 
±0.58 
28.08b 
±0.50 
26.25c 
±1.71 
200.00b 
±4.08 
The 
dairy 
plant 
79.80d 
±0.01 
18.19b 
±0.04 
2.007a 
±0.01 
0.280c 
±0.01 
0.910b 
±0.01 
4.33e 
±0.01 
23.19c 
±0.01 
28.32a 
±0.01 
27.00
bc 
±1.00 
198.00c 
±1.00 
The 
laborato
ry 
82.50b 
±0.01 
16.77c 
±0.03 
0.900d 
±0.01 
0.280c 
±0.01 
0.903c 
±0.01 
4.53c 
±0.01 
24.18b 
±0.01 
27.50c 
±0.01 
29.00a 
±1.00 
201.00b 
±1.00 
Egyptian 
84.00a 
±0.01 
15.46d 
±0.02 
0.873d 
±0.02 
0.260d 
±0.01 
0.900d 
±0.01 
4.90a 
±0.01 
24.19a 
±0.01 
28.33a 
±0.01 
Ϯϴ͘ϬϬ
ab 
цϭ͘ϬϬ 
208.00a 
±1.00 
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New 
Zealand 
ϴϭ͘ϰϳc 
цϬ͘Ϭϭ 
ϭϲ͘ϳϴc 
цϬ͘Ϭϯ 
ϭ͘ϳϱϬb 
цϬ͘Ϭϭ 
Ϭ͘ϮϴϬc 
цϬ͘Ϭϭ 
Ϭ͘ϵϬϬd 
цϬ͘Ϭϭ 
ϰ͘ϴϮb 
цϬ͘Ϭϭ 
Ϯϰ͘ϭϵa 
цϬ͘Ϭϭ 
Ϯϴ͘ϯϯa 
цϬ͘Ϭϭ 
29.00a 
±1.00 
ϮϬϳ͘ϬϬa 
цϭ͘ϬϬ 
CV (%) Ϭ͘ϭϳ ϭ͘ϯϳ ϴ͘ϵϰ Ϯ͘ϭϱ ϭ͘Ϭϰ Ϭ͘ϮϮ Ϭ͘Ϭϰ Ϭ͘ϭϱ Ϯ͘ϵϰ Ϭ͘ϰϭ 
LsdϬ͘Ϭϱ Ϭ͘ϭϵϯ
Ϯ* 
Ϭ͘Ϯϱϳϲ* Ϭ͘ϮϭϬϱ
* 
Ϭ͘ϬϬϬ
ϲ* 
Ϭ͘ϬϬϬ
ϲ* 
Ϭ͘ϬϬϬ
ϲ* 
Ϭ͘ϬϬϬϲ
* 
Ϭ͘Ϭϳϵϲ
* 
ϭ͘ϰϱϯ
* 
ϭ͘ϰϱϯ** 
SE± Ϭ͘Ϭϰϱ
ϰ 
Ϭ͘ϬϮϮϱ Ϭ͘Ϭϲϴϯ
ϭ 
Ϭ͘ϬϬϬ
Ϯ 
Ϭ͘ϬϬϬ
Ϯ 
Ϭ͘ϬϬϬ
Ϯ 
Ϭ͘ϬϬϬϮ Ϭ͘ϬϮϱϴ Ϭ͘ϰϳϭ
ϱ 
Ϭ͘ϰϳϭϱ 
 
Means in each column bearing similar superscripts are not significantly different (P>0.05). 
*  = P<0.05 
**  = P<0.01 
CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  =  Standard error of means 
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while no significant difference was observed in samples from 
KŵĚƵƌŵĂŶ͕ŐǇƉƚĂŶĚEĞǁĞĂůŶĚ;dĂďůĞϰ͘ϭϬͿ͘ 
ϰ͘ϯ͘ϲƉ,-value of butter samples 
dŚĞƉ,ŽĨďƵƩĞƌƌĂŶŐĞĚďĞƚǁĞĞŶϰ͘ϵϬцϬ͘Ϭϭ in samples from 
ŐǇƉƚƚŽϰ͘ϯϬцϬ͘ϯϮ in samples collected from Omdurman (Table ϰ͘ϭϬ). 
Similar results were reported by Sagdic et al ͘;ϮϬϬϮͿ͘Idoui et al ͘;ϮϬϭϬͿ 
reported that, pH-value of butter ranged between ϰ͘ϲϰĂŶĚϱ͘ϱϯ͘/ŶĂ
ƐƚƵĚǇĐŽŶĚƵĐƚĞĚďǇ<ĂĐĞŵĂŶĚ<ĂƌĂŵ;ϮϬϬϲͿ, the pH-value of butter 
ŵĂĚĞĨƌŽŵĐĂŵĞů͛ƐŵŝůŬǀĂƌŝĞĚŝŶĂůƐĂŵƉůĞƐďĞƚǁĞĞŶϯ͘ϭϭ and ϰ͘ϵϬ͘ 
ϰ͘ϯ͘ϳ&ƌeezing and melting points 
Higher freezing point ;Ϯϰ͘ϭϵцϬ͘ϬϭͿĂŶĚŵĞůƟŶŐƉŽŝŶƚ;Ϯϴ͘ϯϯцϬ͘Ϭϭ) 
were reported in samples from Egypt and New Zealand, while low 
ĨƌĞĞǌŝŶŐƉŽŝŶƚ;ϮϮ͘ϲϳцϬ͘ϱϴ) was reported in samples from Omdurman, 
ĂŶĚůŽǁŵĞůƟŶŐƉŽŝŶƚ;Ϯϳ͘ϰϰцϬ͘ϴϲ) in samples from Khartoum North 
;dĂďůĞϰ͘ϭϬ). 
ϰ͘ϯ͘ϴ/ŽĚŝŶĞǀĂůƵĞŽĨďƵƩĞƌƐĂŵƉůĞƐ 
No significant difference in iodine value of butter was obsereved 
in samples from the laboratory, Egypt and New Zealand, while 
ƐŝŐŶŝĮĐĂŶƚůǇůŽǁǀĂůƵĞ;Ϯϲ͘Ϯϱцϭ͘ϳϭ) was observed in samples from 
Omdurman (Table ϰ͘ϭϬ). The results of this study were lower than those 
obtained by Idoui et al ͘;ϮϬϭϬͿ͕ǁŚŽfound that the iodine index was 
ϯϱ͘ϯϱŵŐͬϭϬϬŐƚŽϯϱ͘ϲϵŵŐͬϭϬϬŐŝŶƚƌĂĚŝƟŽŶĂůůŐĞƌŝĂŶďƵƩĞƌ͘
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However, the results in this study were higher than those reported by 
Rady ĂŶĚĂĚĞƌ;ϮϬϬϯͿǁŚŽƌĞƉŽƌƚĞĚŝŽĚŝŶĞŶƵŵďĞƌŽĨĐŽǁ͛ƐďƵƩĞƌ
ƐĂŵƉůĞƐƚŽďĞϮϰ͘ϴϵ-Ϯϱ͘ϭϮĂŶĚƚŚĂƚƚŚĞǀĂůƵĞǁĂƐŶŽƚƌĞĂůǇĂůƚĞƌĞĚ
neither by gamma irradiation nor cold storage.  
ϰ͘ϯ͘ϵ^ĂƉŽŶŝĮĐĂƟŽŶǀĂůƵĞŽĨďƵƩĞƌ samples 
The saponification number of butter was significantly higher 
;ϮϬϴ͘ϬϬцϭ͘ϬϬͿŝŶƐĂŵƉůĞƐĨƌŽŵŐǇƉƚĂŶĚůŽǁĞƌ;ϭϵϮ͘ϵϬцϳ͘ϳϯ) in 
samples from Khartoum North (dĂďůĞϰ͘ϭϬ). The results were higher 
than those reported by Idoui et al ͘;ϮϬϭϬͿ who found the saponification 
value to be ϭϰϬ͘ϮϱŵŐ<K,ͬŐŝŶƚƌĂĚŝƟŽŶĂůďƵƩĞƌƉƌŽĚƵĐĞĚĨƌŽŵĐŽǁƐ͛
milk in east Algeria. 
ϰ͘ϰ&ƌĞĞĨĂƩǇĂĐŝĚƐƉƌŽĮůĞŽĨďƵƩĞƌƐĂŵƉůĞ 
This part of the study was devoted to screen fatty acids 
composition of butter samples from six sources; traditional butter of 
Khartoum North, traditional butter of Omdurman, the dairy plant, the 
laboratory, Egyptian and New Zealand. 
Samples were chromatographed and lipids resolved were 
determined by GC to their constituent’s fatty acids. The result showed 
that ϭϮĨĂƩǇĂĐŝĚƐǁĞƌĞŝĚĞŶƟĮĞĚ͖ϲ͗Ϭ, Cϴ͗Ϭ, CϭϬ͗Ϭ, Cϲ͗ϭϰ, Cϭϰ͗Ϭ, Cϭϲ͗Ϭ, Cϭϲ:ϭ, 
Cϭϴ͗Ϭ, Cϭϴ:ϭ, Cϭϴ:Ϯ, Cϭϴ:ϯ and CϮϬ͗Ϭ ;dĂďůĞϰ͘ϭϭ). 
Typical gas chromatogram of fatty acid are shown in (dĂďůĞϰ͘ϭϭ) . 
In this study, total saturated fatty acids (SFA%) and total unsaturated 
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ĨĂƩǇĂĐŝĚƐ;Dh&нWh&йͿĂƐƐŚŽǁŶŝŶƚĂďůĞ;ϰ͘ϭϭͿǁĞƌĞϱϱ͘ϴϭ Ϭ͘ϬϮ
ĂŶĚϰϰ͘ϭϵ Ϭ͘ϴϭ͖ϱϳ͘ϲϴ Ϭ͘ϬϮĂŶĚϰϮ͘ϯϭ ϭ͘ϬϬ͖ϱϲ͘Ϯϴ Ϭ͘ϬϭĂŶĚϰϯ͘ϳϮ
Ϭ͘Ϭϭ͖ϱϲ͘Ϭϯ Ϭ͘ϬϭĂŶĚϰϯ͘ϵϳ Ϭ͘Ϭϭ͖ϱϯ͘ϴϭ Ϭ͘ϬϭĂŶĚϰϲ͘ϭϵ Ϭ͘ϬϭĂŶĚ
ϱϴ͘Ϭϱ Ϭ͘ϬϭĂŶĚϰϭ͘ϵϱ Ϭ͘Ϭϭ͕ƌĞƐƉĞĐƟǀĞůǇ in the butter samples from 
the different sources. As shown, important differences were found in  
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dĂďůĞ;ϰ͘ϭϭ): Fatty acids profile (%) of butter samples 
Fatty acid 
Symb
ol 
TB. 
Krt. N 
TB.Om
d. 
The 
dairy 
plant 
The 
laborator
y 
Egyptia
n 
New 
Zealan
d 
CV 
(%) 
LsdϬ͘Ϭϱ SE± 
Caproic C6:0 1.355b 
±0.22 
1.627a 
±0.19 
1.305b 
±0.01 
1.500ab 
±0.01 
1.422ab 
±0.01 
ϭ͘ϯϳϵb 
цϬ͘Ϭϭ 
8.16 Ϭ͘ϮϭϬϱ* Ϭ͘Ϭϲϴϯϭ 
Caprylic ϴ͗Ϭ 1.882d 
±0.08 
1.996c 
±0.04 
1.677e 
±0.01 
2.250a 
±0.01 
1.559f 
±0.01 
Ϯ͘ϭϱϳb 
цϬ͘Ϭϭ 
1.96 Ϭ͘ϬϱϲϮϲ* Ϭ͘ϬϭϴϮϲ 
Capric ϭϬ͗Ϭ 4.378b
c 
±0.47 
4.368bc 
±0.43 
3.914c
d 
±0.01 
3.666d 
±0.01 
4.778b 
±0.01 
ϲ͘ϯϬϮĂ 
цϬ͘Ϭϭ 
5.68 Ϭ͘ϰϲϬϱ* Ϭ͘ϭϰϵϰ 
Lauric ϭϮ͗Ϭ 3.116b 
±0.08 
3.308b 
±0.45 
2.982b 
±0.01 
3.000b 
±0.01 
4.550a 
±0.01 
ϰ͘ϰϵϬa 
цϬ͘Ϭϭ 
12.5
5 
Ϭ͘ϳϵϳϲ* Ϭ͘Ϯϱϴϴ 
Myristic ϭϰ͗Ϭ 9.61a 
±0.42 
9.59a 
±0.60 
10 
.06a 
±0.01 
9.50a 
±0.01 
6.89c 
±0.01 
ϴ͘ϴϲb 
цϬ͘Ϭϭ 
3.27 Ϭ͘ϱϮϳϳ* Ϭ͘ϭϳϭϯ 
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Palmitic ϭϲ͗Ϭ 21.74b
c 
±0.16 
22.05b 
±1.19 
24.23a 
±0.01 
21.12cd 
±0.01 
15.53e 
±0.01 
ϮϬ͘ϰϴd 
цϬ͘Ϭϭ 
Ϯ͘ϯϲ Ϭ͘ϴϳϯϯ* Ϭ͘Ϯϴϯϰ 
Palmitoleic ϭϲ͗ϭ 3.564b 
±0.01 
3.229c 
±0.01 
2.795d 
±0.01 
3.749b 
±0.01 
5.119a 
±0.01 
ϯ͘ϱϰϱb 
цϬ͘Ϭϭ 
ϰ͘ϰϰ Ϭ͘ϮϵϮϯ* Ϭ͘Ϭϵϰϴϳ 
Stearic ϭϴ͗Ϭ 13.53b 
±0.37 
14.60b 
±0.14 
11.93c 
±0.01 
14.66b 
±0.01 
17.75a 
±0.01 
ϭϰ͘ϭϴb 
цϬ͘Ϭϭ 
ϱ͘Ϯϰ ϭ͘ϯϰϱ* Ϭ͘ϰϯϲϳ 
Oleic ϭϴ͗ϭ 34.49a
b 
±0.69 
34.38ab 
±1.72 
35.41a 
±0.01 
34.16ab 
±0.01 
27.30c 
±0.01 
ϯϯ͘ϰϴb 
цϬ͘Ϭϭ 
Ϯ͘ϭϭ ϭ͘Ϯϰϵ* Ϭ͘ϰϬϱϰ 
Linoleic ϭϴ͗Ϯ 5.755b 
±1.02 
4.299d 
±1.39 
5.143b
c 
±0.01 
5.557b 
±0.01 
13.08a 
±0.01 
ϰ͘ϱϯϬcd 
цϬ͘Ϭϭ 
ϲ͘Ϭϴ Ϭ͘ϲϵϭϯ* Ϭ͘ϮϮϰϰ 
Linolenic ϭϴ͗ϯ 0.3727
c 
±0.93 
0.4040c 
±0.19 
0.3730
c 
±0.01 
0.5000b 
±0.01 
0.6830a 
±0.01 
Ϭ͘ϯϵϰϬ
c 
цϬ͘Ϭϭ 
ϱ͘ϱϲ Ϭ͘ϬϱϲϮϲ* Ϭ͘ϬϭϴϮϲ 
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Means in each column (capital letter) and row (small letter) bearing similar superscripts are not significantly 
different (P>0.05). 
*  = P<0.05 
CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  =  Standard error of means 
Arachidic ϮϬ͗Ϭ 0.1893
d 
±0.04 
0.1643f 
±0.05 
0.1860
e 
±0.01 
0.3330b 
±0.01 
0.3410a 
±0.01 
Ϭ͘ϭϵϲϬ
c 
цϬ͘Ϭϭ 
ϰ͘Ϯϱ Ϭ͘ϬϬϬϱϲϮ
ϲ* 
Ϭ͘ϬϬϬϭϴϮ
ϲ 
Total 
saturated 
% 55.81b 
±0.02 
57.68a 
±0.02 
56.28b 
±0.01 
56.03b 
±0.01 
53.81c 
±0.01 
ϱϴ͘Ϭϱa 
цϬ͘Ϭϭ 
Ϭ͘ϵϯ Ϭ͘ϵϯϮϵ* Ϭ͘ϯϬϮϴ 
Total 
unsaturate
d 
% 44.19b 
±0.81 
42.31c 
±1.00 
43.72b 
±0.01 
43.97b 
±0.01 
46.19a 
±0.01 
41.95c 
±0.01 
ϭ͘Ϯϭ Ϭ͘ϵϰϭϰ* Ϭ͘ϯϬϱϱ 
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fatty acids composition among butter samples, which contained a high 
percentage of saturated fatty acids (SFA) and the palmitic acid was the 
ŵĂũŽƌ^&;ϭϱ͘ϱϯ-Ϯϰ͘ϮϯйͿ followed by stearic ĂĐŝĚ;ϭϭ͘ϵϯ-ϭϳ͘ϳϱйͿĂŶĚ 
ŵǇƌŝƐƟĐĂĐŝĚ;ϲ͘ϴϵ-ϭϬ͘ϬϲйͿ͘dŚĞƐĞƌĞƐƵůƚƐwere in line with those 
reported ďǇZĂĚǇĂŶĚĂĚĞƌ;ϮϬϬϯͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ, palmitic acid was 
ƚŚĞŵĂũŽƌ^&;ϮϮ͘ϴϭйͿin butter ĨŽůŽǁĞĚďǇƐƚĞĂƌŝĐĂĐŝĚ;ϭϬ͘ϮϭйͿ͘/ĚŽƵŝ
et al ͘;ϮϬϭϬͿƌĞƉŽƌĞĚƚŚĂƚƚƌĂĚŝƟŽŶĂůĐŽǁƐΖďƵƩĞƌĐŽŶƚĂŝŶĞĚĂŚŝŐŚ
percentage of SFA and palmitic acid was the major &^;Ϯϰ͘ϯϯ-ϯϲ͘ϵϱйͿ
ĨŽůŽǁĞĚďǇŵǇƌŝƐƟĐĂĐŝĚ;ϭϴ͘ϰϵ-Ϯϳ͘ϯϱйͿĂŶĚƐƚĞĂƌŝĐĂĐŝĚ;ϳ͘ϲϴ-ϭϰ͘ϬϱйͿ͘ 
The predominance of palmitic acid in butter milk fat was also 
reported in previous studies (Dorey et al͕͘ϭϵϴϴ͖Gunstino ͕ϭϵϵϲͿ͘/Ŷa 
study conducted by Ito et al. ;ϮϬϬϱͿ, it was found that heated butter 
ĐŽŶƚĂŝŶĞĚϮϳ͘ϬϲйƉĂůŵitic acid and in consistance with previous studies 
conducted in cows’ milk butter by Glew et al. (ϭϵϵϵ), Samet-Bali et al. 
(ϮϬϬϴ) and Idoui et al. (ϮϬϭϬͿ͘ 
On the other hand, oleic acid was the predominant mono-
ƵŶƐĂƚƵƌĂƚĞĚĨĂƩǇĂĐŝĚ;Ϯϳ͘ϯϬ-ϯϱ͘ϰϭйͿ͘dŚĞƐĞƌĞƐƵůƚƐwere in agreement 
ǁŝƚŚƚŚŽƐĞƌĞƉŽƌƚĞĚďǇZĂĚǇĂŶĚĂĚĞƌ;ϮϬϬϯͿ͘^ŝŵŝůĂƌƌĞƐƵůƚƐobtained 
by Jimenez-Flores ;ϭϵϵϳͿshowed the SFA, MUFA and PUFA were about 
ϲϲ͕ϯϬĂŶĚϰй͕ƌĞƐƉĞĐƟǀĞůǇ͕ĂŶĚRiĞů;ϭϵϴϱͿǁŚŽĨŽƵŶĚĂǀĂůƵĞŽĨϲϮ͘ϯ͖
ϯϳ͘ϬĂŶĚϰ͘ϯйĨŽƌ^&͕Dh&ĂŶĚWh&͕ƌĞƐƉĞĐƟǀĞůǇ͘ƵƚǇƌŝĐĂĐŝĚ;ϰ͗Ϭ) 
is the most prevalent short-chain fatty acid and often identified with 
ďƵƩĞƌĚƵĞƚŽŝƚƐĐŚĂƌĂĐƚĞƌŝƐƟĐŝŵƉĂĐƚŽŶŇĂǀŽƌ;ŽƵŐůĂƐ͕ϮϬϬϰͿ͘/ŶƚŚŝƐ 
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study, butyric acid was not identified, probably due to its volatility 
;dĂďůĞϰ͘ϭϭ). Some of the fatty acids such as caproic, caprylic, capric, 
lauric, palmitoleic, linoleic, linolenic and arachidic were present in all 
samples. 
ϰ͘ϱŚŽůĞƐƚĞƌŽl in butter samples 
Table ;ϰ͘ϭϮ) showed that cholesterol content was significantly 
ĂīĞĐƚĞĚďǇƚŚĞƐŽƵƌĐĞŽĨďƵƩĞƌƐĂŵƉůĞƐ͕ďĞŝŶŐŚŝŐŚĞƌ;Ϯϲϲ͘ϳцϬ͘ϬϳͿŝŶ
ƐĂŵƉůĞƐĨƌŽŵŐǇƉƚĂŶĚůŽǁĞƌ;ϭϭϰ͘ϬцϬ͘ϬϭͿŝŶƐĂŵƉůĞƐĨƌŽŵEĞǁ
Zealand. 
Cholesterol is indispensable for life, it serves to build and maintain 
the membranes that surround the cells, and it is necessary for the 
synthesis of some hormones especially sexual ones. It also contributes in 
producing biliary acid that plays a role in digestion of fat, in addition to 
contributing in ďŝŽƐǇŶƚŚĞƐŝƐŽĨǀŝƚĂŵŝŶ;Z/E͕ϮϬϬϱͿ͘ 
Milk and milk products play an important part in healthy diet as 
they contribute to intake of essential nutrients and protein of a high 
nutritional quality. However, due to high content of cholesterol raising 
saturated fatty acids (SFA) in milk fat, decrease in the intake of fat-rich 
dairy products is recommended, although there is no dought that 
mixture of long-chain saturated fatty acid in milk increases plasma 
cholesterol (Wood et al͕͘ϭϵϵϯͿ͘ 
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ZĂĚǇĂŶĚĂĚƌ;ϮϬϬϯͿƌĞƉŽƌƚĞĚƚŚĂƚĐŚŽůĞƐƚĞƌŽůis the only sterol 
compound showing a slight decrease upon the application of accident 
doses of ? -rays which may be attributed to partial slight oxidation. 
Oxidation of cholesterol due to gamma irradiation was previously 
reported by other investigators (LakrŝƚǌĂŶĚDĂƐǀŬĞƌ͕ϭϵϴϵ; Maerker 
ĂŶĚ:ŽŶĞƐ͕ϭϵϵϮͿ͘ 
dĂďůĞ;ϰ͘ϭϮ): Cholesterol content of butter samples 
Sample 
Cholesterol content 
;ŵŐͬϭϬϬŐͿ 
TB.Krt.N ϭϰϲ͘ϳцϬ͘Ϭϰc 
TB.Omd ϭϯϲ͘ϳцϬ͘ϬϮe 
The Laboratory ϭϰϮ͘ϬцϬ͘Ϭϯd 
The Dairy Plant ϭϲϲ͘ϳцϬ͘Ϭϱb 
Egyptian Ϯϲϲ͘ϳцϬ͘Ϭϳa 
New Zealand ϭϭϰ͘ϬцϬ͘Ϭϭf 
CV (%) ϲ͘ϵϳ% 
LsdϬ͘Ϭϱ ϲ͘ϱϮϯϰ** 
SE± Ϭ͘ϯϵϳϴ 
Means in column bearing similar superscripts are not significantly 
different (P>0.05). 
**  = P<0.01 
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CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  = Standard error of means 
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ϰ͘ϲ^ĞŶƐŽƌǇĞǀĂůƵĂƟŽŶŽĨďƵƩĞƌ 
dĂďůĞϰ͘ϭϯ presents the sensory attributes (color, flavor, texture 
and overall acceptability) of butter samples from different sources. 
Flavour of butter samples collected from Khartoum North 
significantly scored the ŚŝŐŚĞƐƚ;ϴ͘ϰϯцϬ͘ϵϰ) compared to other samples, 
while samples from Egypt scored the ůŽǁĞƐƚ;ϲ͘ϰϯ±Ϭ͘ϵϰ) according to 
the panalists. However, the samples from the dairy plant had the best 
texture with a score of ϴ͘ϴϲцϬ͘ϱϯ followed by samples from New 
Zealand, Egypt and Khartoum North and the worst tecture was for 
samples manufactured in the laboratory with a score of ϲ͘ϳϭцϭ͘ϳϯ. 
The panalists judged on the colour of the samples from the dairy 
plant and New Zealand as the best scoring ϴ͘ϴϲцϬ͘ϱϯ points and the 
color of samples from Omdurman as the worst scoring ϲ͘Ϯϴцϭ͘ϴϲ) 
points. 
In general, butter samples from Khartoum North, Egypt, and New 
Zealand were highly acceptable scoring ;ϵ͘ϬцϬ͘ϬϬ) points. 
In this study, the greatest difference was observed for colour, 
ƌĂŶŐŝŶŐĨƌŽŵϲ͘ϮϴƚŽϴ͘ϴϲ͘dŚŝƐƌĞƐƵůƚwas in accordance with that of 
Fernandez et al ͘;ϮϬϭϬͿ͘They reported that the color of butter was not 
only determined by the level of carotene in the milk fat, but also by the 
size distribution of water droplets, and the finer the droplets, the 
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greater the scattering of the light, and therefore the lighter the colour of 
ƚŚĞďƵƩĞƌ;:ĞďƐŽŶ͕ϭϵϵϰͿ͘ 
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dĂďůĞ;ϰ͘ϭϯ): Sensory evaluation of butter samples 
Sample 
Quality attribute
Flavour Texture Colour Overall accept. 
Hedonic scores
TB.Krt.N 8.43a±0.94 8.43b±0.94 6.57d±1.60 9.00a±0.00 
TB.Omd. 7.85b±2.18 8.14c±1.51 6.28e±1.86 8.43c±1.45 
The dairy plant 8.14ab±1.29 8.86a±0.53 8.86a±0.53 8.71b±0.73 
The laboratory 7.43c±0.85 6.71d±1.73 8.57b±0.85 8.71b±0.73 
Egyptian 6.43d±0.94 8.43b±0.94 7.57c±0.94 9.00a±0.00 
New Zealand 8.14ab±1.03 8.71ab±0.73 8.86a±0.53 9.00a±0.00 
CV (%) 5.49% 4.87% 5.08% 5.34% 
LsdϬ͘Ϭϱ 0.2694* 0.1875* 0.2801* 0.2740* 
SE± 0.0831 0.0532 0.0429 0.0576 
Means in each column bearing similar superscripts are not significantly 
different (P>0.05). 
 
*  = P<0.05 
CV  = Coefficient of variation 
Lsd  = Least significant difference 
SE  = Standard error of means 
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The butter samples after storage, were highly accepted by 
descriptive analysis and this is in agreement with Krause ;ϮϬϬϳ) who 
reported that, for optimum quality, butter quainter should be 
ƌĞĨƌŝŐĞƌĂƚĞĚĨŽƌůĞƐƐƚŚĂŶϲŵŽŶƚŚƐ͕ǁŚĞŶĨƌŽǌĞŶĂƚ-ϮϬC, stick can be 
ƐƚŽƌĞĚƵƉƚŽϮǇĞĂƌƐ͕ĨŽƌďƵůŬďƵƩĞƌŝŶƌĞĨƌŝŐĞƌĂƚĞĚĐŽŶƚĂŝŶĞƌƐ͕ŇĂǀŽƌ
ƋƵĂůŝƚǇŝƐŵĂŝŶƚĂŝŶĞĚĨŽƌĂƚůĞĂƐƚϵŵŽŶƚŚƐƐƚŽƌĂŐĞ͘ 
     Several studies revealed that, although texture changes with milk 
fatty acid composition, the effect on flavor is not significant (Lin et al., 
ϭϵϵϲ; Bobe et al͕͘ϮϬϬϯͿ͘  
Rady ĂŶĚĂĚĞƌ;ϮϬϬϯͿƌĞƉŽƌƚĞĚƚŚĂƚ, mean scores of colour and 
appearance of cow’s butter samples was found as well as flavor 
(including aroma, taste and texture).  
Post-treatment and upon refrigeration storage, it is obvious that 
gamma irradiation had no adverse effect on the sensory quality 
attributes of butter. 
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
ϱ͘ϭConclusions 
This study revealed that butter making is still traditional on 
farmer’s level and batch processing in dairy plants. 
The microbiological content is high according to standards, 
especially under room temperature. This study concluded that the shelf 
life of traditioal butter is short under room condition. 
The physicochemical characteristics with the limit values for all 
parameters, except fat were low according to the standards in 
traditional butter and moisture was high. 
         Fatty acid profile gave Sudanese butter excellent spreadability.         
Cholesterol of Sudanese butter was low compared to other reference 
samples. 
ϱ͘ϮZĞĐŽŵŵĞŶĚĂƟŽŶƐ 
ϭ- The study suggests that an attempt should be made to determine 
the problems of butter making in Sudan, formulate long-range 
policies and estabilish research projects on butter processing. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
Ϯ- More investigations along with economic lines should be initiated 
in manufacturing, packaging and storage of butter so as to keep 
price within the reach of the consumer. 
ϯ- Efforts should be made towards more utilization of buttermilk as 
a by-product of the creamery. 
ϰ- Improvement of traditional buttermaking among small-scale 
farmers and this can be achieved by scientific training of farmers 
on butter making. 
ϱ- More research on fatty acids and cholesterol of Sudanese butter 
is needed to consolidate the findings of this study. 
ϲ- Attempts should be made for decholesterlization of milk fat as 
this will have a greater impact on producing healthier butter. 
ϳ- As milk is known to harber a wide range of pathogens it is 
recommended to study the effect of free fatty acids on inhibitting 
these organisms and its effect on butter quality. 
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Appendix ϭ͘ Questionnaire 
Information for a study on butter-making in urban and peri-urban in 
areas of Khartoum State  
   
(This information is for scientific research only) 
 
1- Region: …………………………………………………………… 
2- Name of stake holder: ……………………………………………. 
3- Gender: Male (   )  Female (   ) 
4- Job: ……………………………………………………………….. 
5- Family size:  Total No. (   ) Males (   ) Females (   ) 
6- Level of education:(Litral-Primary-Secondary-University) 
ϲ-ϭ Father (   ) 
ϲ-Ϯ Mother (   ) 
ϲ-ϯ Children  Boys (   )  Girls (   ) 
7- Type of farm: ……………………………………………………. 
8- Number and type of animals in the farm 
ϴ͘ϭ Cows:  Total No. of cows (   ) No. of lactating (   ) No. of dry (   ) 
ϴ͘Ϯ Sheep : Total No. of sheep(   )No. of lactating (   ) No. of dry (   ) 
ϴ͘ϯ Goats : Total No. of goats (   )No. of lactating (   ) No. of dry (   ) 
ϵ- Total milk production: …………………………………………… 
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ϭϬ- Do you bring in additional milk from other sources? Mention the 
quantity of milk and the source? ……………………………………. 
ϭϭ- The total quantity of milk: ………………………………………. 
ϭϮ- Quantity of marketable milk (sold raw milk): ………………….. 
ϭϯ- Quantity of milk for purpose of processing of butter: …………… 
ϭϰ- Quantity of milk consumed by the families: …………………….. 
ϭϱ- The price of sale of a pound of milk: …………………………… 
ϭϲ- Type of equipment used in butter making …………………….. 
 Siin (   ) Ground (   ) Hand churner (   ) Other (   ) 
ϭϳ- Describe the method of butter making ………………………….. 
ϭϴ-List the quantity of butter yield from the total milk used ……….. 
ϭϵ-Marketing of butter (how?) ………………………………………. 
ϮϬ- How you get use of butter milk (rob) 
 Sale (   )  Consumed (   )  Other (   ) 
Ϯϭ- Do you convert butter to ghee? …………………………………… 
ϮϮ- Do you prefer to make butter or other milk products? ………….. 
Ϯϯ- Any other observations …………………………………………… 
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Name of the interviewer: ……………………………… 
Date:…………………………………………………………………… Respondant 
 
Appendix Ϯ͘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butter 
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Appendix ϲ. Effect of storage condition on proteolytic of butter  
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Appendix Ϯϯ. Structure of butter 
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http://www.foodsci.uoguElph.ca/dairyedu/butter.html) 
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Total solids (T.S) 
Milk 
Water 
Solid-not-fat Fat (lipid) 
True fat Associated fat 
Several fatty glycerides 
Phospholipids (lecithin) Vitamins (A, D, E, K) Cholesterol Carotene 
Lactose  Nitrogenous  Mineral  Other 
constituents 
Non-protein Protein 
Pigment 
Lactolbumin 
Casein (a , ß , ? ) 
Lactolbumin Protease- 
Dissolved gases Vitamins Enzymes, bacteria 
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Raw milk storage 
Separation 
Cream Skim 
Raw cream delivery 
Storage Pasteurization 
Storage 
Evaporation and 
drying 
Pasteurization 
(Starter culture 
inoculation and 
cream ripening) 
Aging and crystallizing 
Churning 
Buttermilk 
Storage 
Pasteurization 
Evaporation and drying 
Butter 
Working and salting 
Packaging 
Storage and distribution 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: KǀĞƌǀŝĞǁ͗ůƉŚĂ>ĂǀĂůĂŶĚdĞƚƌĂƉĂĐŬ;ϭϵϵϱͿ  
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
